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President's Message January 1988 


Dear Customer, 


Catalyst Semiconductor is a company founded in 1985, whose objective is to 
provide innovative solutions to integrated circuits utilizing non-volatile memory. 


Our long term strategic alliances with major semiconductor manufacturers give us 
the credibility and stability to offer quality products at competitive prices in high 
volumes. We maintain strict quality controls over our foundries to guarantee the 
high quality and reliability of our products. 


Our worldwide sales, marketing, and applications network is committed to support 


your requirements. Our pledge is to be partners in innovation with our customers. 
It is our charter to be leaders in new product design and introductions. 


B.K. Marya 


President & Chairman 
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LIFE RELATED POLICY 


In situations where semiconductor component 
failure may endanger life, system designers using 
this product should design the system with ap- 
propriate error detection and correction, redundan- 
cy and back-up features to prevent such an 
occurrence. 


Catalyst Semiconductor’s products are not 
authorized for use as critical components in life sup- 
port devices or systems. 


1. Life support devices or systems are devices or 
systems which, (a) are intended for surgical implant 
into the body, or (b) support or sustain life, and 
whose failure to perform, when properly used in ac- 
cordance with instructions for use provided in the 
labeling, can be reasonably expected to result in a 
significant injury to the user. 


2. Acritical component is any component of a life 
support device or system whose failure to perform 
can be reasonably expected to cause the failure of 
the life support device or system, or to affect its 
safety or effectiveness. 


LIMITED WARRANTY 


Devices sold by Catalyst Semiconductor, Inc. are 
covered by the warranty and patent indemnification 
provisions appearing in its Terms of Sale only. 
Catalyst Semiconductor, Inc. makes no warranty, 
express, statutory, implied, or by description, 
regarding the information set forth herein or regard- 
ing the freedom of the described devices from 
patent infringement. 


Catalyst Semiconductor, Inc. makes no warranty of 
merchantability or fitness for any purpose. Catalyst 
Semiconductor, Inc. reserves the right to discon- 
tinue production and change specifications and 
prices at any time and without notice. Catalyst 
Semiconductor, Inc. assumes no responsibility for 
the use of any circuitry other than circuitry embodied 
ina Catalyst Semiconductor, Inc. product. No other 
circuits, patents, licenses are implied. 
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CATALYST SEMICONDUCTOR PRODUCT FAMILY 


| SAMS MICROCOMPUTERs ASEED™ | 
CMOS SMART CARD CUSTOM 
MICROCOMPUTERs 


8-BIT MICROs 
Parallel & Serial 
EE CORES 


EPROMs 


CAT22C10 / 
CAT22012 [I 









CAT62C580 
CAT62C780 






CAT71C88 
CAT710256 


CAT2764A 
CAT27128A 
CAT27256 


CAT93C46 
CAT93C46I 
CAT59C11 






CAT 710 256L 






EPROM ARRAYS 









CAT59C11A CAT27512 

CAT5OC11I SRAM CELLS 
Serial enbene0e reas 

CAT35C202 






caT2acaa | =| CATSSC104 | | Catazcat0 
CAT27HC256 
Parallel 


CAT28C64A 
CAT28C256 





ASEED™ indicates application-specific EE devices. 


The ’ /1’ indicates industrial temperature range parts. 
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CATALYST RELIABILITY AND QUALITY ASSURANCE 


Acommitment to outstanding Quality and Reliability 
is an integral part of the Catalyst corporate policy. 
This is embodied in a comprehensive quality 
program which is extensively documented and 
structured to meet the highest standards of the most 
discriminating customer. This program assures 
quality at all phases of the production process and 
provides for the prevention and ready detection of 
discrepancies and for timely and positive corrective 
action. The quality and reliability programs utilized 
at Catalyst can be divided into the following areas: 


1) Design-in quality and reliability 

2) Document Control 

3) Incoming inspection 

4) Material Traceability 

5) In-Line Inspection 

6) Subcontractor Control 

7) Comprehensive qualification programs 

8) Ongoing monitors 

9) Thorough production testing 

10) Continued quality and reliability improvement 
11) Customer Service 

By definition, quality is conformance to specifica- 
tion, whether process or procedures, electrical or 
mechanical, customer or Catalyst Semiconductor, 
Inc. Similarly, reliability is continued conformance 
to specification. Therefore, it is necessary for the 
Quality and Reliability group to be involved in all 
phases of the design and manufacturing process. 


1) Designed in Quality and Reliability 


The Catalyst Q/R program begins at the process 
design as well as circuit design level. 


Vi 


For example: 


- Parametric margins for device operations are 
above and beyond those necessary to simply meet 
specification. 


- Special attention is paid to electrostatic dis- 
charge protection (ESD). Every pin is designed to 
withstand 2000V minimum (Human Body model). 


- Attention is also paid to layout and process 
sensitive problems such as CMOS latch-up. Every 
device must meet rigid standards and test condi- 
tions well beyond those anticipated in normal 
operation. 


- Reliability failure rate and process parameter 
requirements for qualification are clearly docu- 
mented for all products at or prior to product con- 
ception thereby helping to assure the highest 
standards of quality and reliability. These stand- 
ards must be demonstrated at qualification. The in- 
volvement of quality and reliability personnel as part 
of the development team assures that a product 
manufactured under state-of-the-art technology will 
continue to be a useful product well into the future. 


2) Document Control 


The document control group maintains control over 
all manufacturing specifications, lot travelers, 
procurement specification and drawings, reticle 
tapes, and test programs. 


They also are charged with the generation and 
translation of customer specification requirements 
into Catalyst internal travelers, specifications, and 
procedures. 


Any and all changes to specifications are subject to 
approval by Engineering and Manufacturing 
managers. 


See Fig. 1 block diagrams on document control. 
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3) Incoming Inspection 


For all purchased materials the manufacturer is re- 
quired to maintain a high product quality level. The 
manufacturer’s facility must also meet the require- 
ments of Catalyst QC and is subject to periodic 
audit to verify that the manufacturer is following the 
required quality procedures and keeping proper 
records. All manufacturers must be qualified before 
their aterials may be used in production. | 


Incoming inspection is performed on each lot of 
material, with the individual purchasing specification 
for that material as a standard to determine defec- 
tive mataerial. Those lots that do not meet the stand- 
ard are rejected and returned to the manufacturer. 
The manufacturer must then analyze and report on 
the failures, stating what corrective action is being 
performed to correct the problem. Those actions are 
reviewed by Catalyst and, upon approval, are ac- 
cepted by Catalyst for implementation by the 
manufacturer. 


4) Material Traceability 


Catalyst maintains a complete history of production 
lots, from incoming to outgoing inspection. Incom- 
ing material is inspected and assigned a lot number 
that is referenced on production travelers thereby 
identifying that material throughout the production 
process. In addition, all assembled units are marked 
with a lot number which provides the neccessary 
traceability to determine any information about 
the history of the component or any material used 
to build that component. 


5) In-Line Inspection 

Manufacturing facilities used to build Catalyst 
products are carefully monitored and audited for 
adequate QC and QA procedures and methods. 
Among the myriad of process and quality control 
procedures that must be in operation the following 
is a sample: 


- Incoming inspection of all materials such as 
chemicals, wafers, masks, and piece parts. 


- Vendor qualification and monitoring data. 


Vil 


- Calibration and maintenance procedures of fab 
and test equipment. 


- Environmental controls over temperature, rela- 
tive humidity, particle content in clean air facilities, 
wafer resistivity and bacteria content in deionized 
water. 


- Training procedures for operators.- Process 
monitor procedures, frequency and sampling plans. 


-  XandRcharts and evidence of corrective ac- 
tion response capability. 


Experience has proven that such close control of 
operators, equipment, and environment is highly ef- 
fective towards improved quality and increased 
yields. 


Fig. 2 shows typical inprocess QC flows utilized by 
Catalyst vendors to control critical process steps in 
wafer fab, assembly, and test. 


6) Subcontractor Control 


All of Catalysts subcontractor facilities and proce- 
dures must be qualified before manufacturing is al- 
lowed to begin. Every product manufactured must 
meet Catalyst’s quality standards. In preparation for 
manufacturing for Catalyst, the subcontractor is in- 
structed to use only equipment, materials, condi- 
tions, and quality control procedures which are 
specified or approved by Catalyst. Based on 
Catalyst instructions, the subcontractor develops 
detailed manufacturing standards which are ap- 
proved or qualified by Catalyst. During manufactur- 
ing, Catalyst provides the subcontractor with 
technical and quality control support. The sub- 
contractor must submit process quality control 
reports periodically. In addition the subcontractors 
facility is subject to periodic audit by Catalyst, and 
the products are checked regularly against Catalyst 
quality standards. 


A summary of the relationship between Catalyst 
and the subcontractor is shown in Fig. 3. 
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7) Comprehensive Qualification Programs 


Catalyst’s extensive Qualification Program is the 
backbone of the quality program. Device, process, 
and package qualification programs are thorough- 
ly documented and required failure rate criteria are 
established as part of the development cycle. Only 
engineering samples are allowed to be delivered 
without meeting the qualification criteria. The 
qualification programs have their basis and are in 
accordance with MIL-STD-883C. 


Historically, memory products have been the test 
vehicle for bringing new technology to the 
marketplace. During qualification and subsequent 
reliability monitor program, the memory devices are 
thoroughly analyzed for failure mechanisms and 
the process technology altered to eliminate them. 
After completion of this process the technology is 
able to be transferred to other types of devices and 
products, i.e., the smart card micro. 


For example, the following is a list of reliability tests 
necessary to be performed on the qualification of a 
new wafer fab technology for EEPROMs. Samples 
from the first 5 wafer lots must pass these tests: 
125° C operating life, 1000 hrs. 


150° C data retention storage,1000 hrs. after 
10K cycles. 


Endurance cycle/bake @ 150° C. 

Temp. cycle, -65 /+150° C, 1000 cycles 

High voltage lifetest, 1000 hrs. 

E.S.D. (1.5K /100pf), 2000 volts all pins 
Latch-up sensitivity, 100 mA/pin 

It is from these tests that information on infant mor- 
tality, long term failure rates, and associated failure 
mechanisms is determined. The data from these 
tests are published in a reliability report and made 


available to our customers. 


Similarly, samples of anew package technology or 
facility must undergo their own extensive qualifica 


Vill 


tion to assure the highest standards in mechanical 
integrity. 


8) Ongoing Monitor Program 


While initial qualification is a key step in product in- 
troduction, it would be meaningless if products were 
not monitored throughout their product life. Each 
quarter production lots are randomly sampled for 
the monitor program and submitted to many of the 
same comprehensive tests used for initial qualifica- 
tion. As in the qualification process, any device 
failures are carefully analyzed using bench testers, 
microscopes, and S.E.M. to determine failure 
mechanisms and their importance to the process 
and the device. In this way, Catalyst reliability en- 
gineers can develop extensive data on long term 
problems that will quickly and accurately determine 
why a product may have failed and generate the 
necessary feedback to the applicable engineering 
groups. 


An example of the monitor program for EEPROM 
technology: 


1) 
2) 


125° C operating life, 1000 hrs. 


150° C data retention storage, 1000 hrs. after 
10K cycles. 


3) Endurance cycle/oake @ 150° C. 


4) Temp cycles, 1000 cy, -65 /150° C. 


5) H.A.S.T. test, 24 hrs., +5V, 94% R.H., 38 psi. * 


6) Pressure Pot, 96 hrs. * 


(* Plastic package only) 


As in qualification, reliability failure rate goals are 
clearly documented and results are carefully 
scrutinized to ensure goals are met. 


9) Thorough Production Testing 


Every device manufactured by Catalyst must be 
thoroughly tested for electrical functionality prior to 
shipment. Test programs are validated prior to 
qualification to ensure the required limits, as deter- 
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mined in the data sheet for each product, are being 
met. Not only are the operating specifications 
carefully scrutinized, but also any and all reliability 
requirements must be checked. See Fig. 4. 


For example, one of the most important specifica- 
tions for EEPROMS is the ability to perform 10,000 
write/erase cycles and have 10 years data reten- 
tion. Catalyst has taken the position that all outgo- 
ing products will meet specifications including long 
term reliability requirements. Therefore, 100 per- 
cent of all units are tested for reliability during the 
test flow. These tests are specifically designed to 
eliminate reliability rejects from reaching the cus- 
tomer as well as infant mortality type rejects. 


10) Continued R/QA Improvement 


In order to achieve its goal as an industry leader in 
reliability and quality, Catalyst is continually push- 
ing improvements in design and process. Before 
any changes are implemented in a qualified tech- 
nology, test chips are generated and again 
rigorously tested. If an improvement in process or 


design is to be implemented, it must again be 
qualified prior to shipment of any revenue 
parts. The same is true for any significant 
change in package related materials, facility, or 
methods. 


11) Customer Service 


Customer feedback and problems are con- 
tinually monitored and analyzed with failure 
analysis reports written and distributed to ap- 
plicable engineering groups for immediate cor- 
rective action. Sometimes problems are 
related to the application, rather than the IC it- 
self, and corrective measures can be sug- 
gested. 


Customer service activities also include the 
collection, evaluation and feedback of quality- 
related data from customers. It is Catalyst’s in- 
tent to be continual aware of how it can improve 
the quality and reliability of all Catalyst 
products. 


At Catalyst, we believe in satisfied customers. 
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CATALYST DOCUMENT CONTROL SYSTEM Fig. 1 


QA DOCUMENT CONTROL MASTER FILE 


JI 


WORKING FILES 


ENGINEERING PRODUCTION DESIGN 





Specification written or data collected for engineering change of 
existing specification 

ECN number issued by document control. 

ECN circulated and approved by manufacturing, engineering, 

and R/QA managers. 

Approved ECN returned to document control. 

Document control revises master file and generates new documents 
to pertinent working files. 
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IN-PROCESS QC FLOW CHART Fig. 2A 


WAFER FABRICATION (3 pm SI Gate CMOS 
FLOW PROCESS QC ITEM SAMPLING METHOD 


STARTING MATERIAL 
P-WELL FORMATION 


ACTIVE AREA FORMATION 


FIELD FORMATION 
GATE FORMATION 


S/D FORMATION 


INTERLAYER 
FORMATION 


METAL FORMATION 


FINAL PASSIVATION 
FORMATION 


PARAMETER CHECK 


ELECTRICAL TEST 


THICKNESS 
RESISTIVITY 
CRITICAL DIMENSION 
THICKNESS 
THICKNESS 
RESISTIVITY 
CRITICAL DIMENSION 
THICKNESS 
RESISTIVITY 
THICKNESS 
P-CONCENTRATION 
THICKNESS 


THICKNESS 


DEVICE PARAMETER 


ELECTRICAL 
CHARACTERISTICS 


Xl 


1 WAFER/LOT 

1 WAFER/LOT 

2 WAFERS/ LOT 

1 WAFER/CHARGE 
1 WAFER/CHARGE 
1 WAFER/CHARGE 
2 WAFERS/LOT 

1 WAFER/10 LOTS 
1 WAFER/ 10 LOTS 
1 WAFER/ LOT 

1 WAFER/ LOT 

2 WAFERS/ 10 LOTS 


2 WAFERS/ CHARGE 


3 WAFERS/ LOT 
100% 
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IN-PROCESS QC FLOW CHART Fig. 2B 


ASSEMBLY & TESTING PROCESS (PLASTIC DIP) 
FLOW PROCESS QC ITEM | SAMPLING METHOD 


SCRIBING 
CHIP VISUAL VISUAL 100% 
DIE BONDING VISUAL TWICE/SHIFT/MAC* 


WIRE BONDING BOND STRENGTH ONCE/SHIFT/MAC 
VISUAL ONCE/SHIFT/MAC 


VISUAL INSPECTION VISUAL 100% 
MOLDING 

VISUAL INSPECTION VISUAL | 100% 
SOLDER PLATING VISUAL PER LOT 


LEAD CUTTING/FORMING VISUAL PER LOT 
MARKING VISUAL | 100% 


ELECTRICAL TEST ELECTRICAL 100% 
CHARACTERISTICS 


* MAC means machine 


OUTGOING INSPECTION 
PACKING/SHIPPING 





Xll 
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SUBCONTRACTOR CONTROL SYSTEM Fig. 3 
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PRODUCT SPECIFICATIONS STANDARDS 
DEVELOPMENT 
TRIAL EVALUATION 
PRODUCTION QUALIFICATION 
MARKET ORDER PRODUCT 
SURVEY RECEIVED PLANNING 


CONTROL 
ENGINEERING 
SUPPORT 


SUBCONTRACTOR 






MANUFACTURING 
STANDARDS 


PRODUCTION Biéades 


control 





Quality 
control 


QUALITY 
CONTROL 


PRODUCTION 
OUTGOING 
INSPECTION 





SUPPORT 


PERIODIC 
AUDIT 


INCOMING/ 
OUTGOING 
INSPECTION 










SHIPMENT 


_| QUALITY 
REPORT 
IMPROVEMENT 


OF 
PROCESS 


INVESTIGATION/ 
COUNTERMEASURE 






CUSTOMER 
SERVICE 


Xlll 
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QA FLOWCHART Fig. 4 


INCOMING 
MATERIAL QC INSPECTION 
QUALIFIED QC FAB 


PHOTO SUPPORT WAFER INSPECTION/ 
QC INSPECTION ae QA MONITOR 


WAFER SORT QC INSPECTION 


QUALIFIED QC INSPECTION/ 
ASSEMBLY QA MONITOR 


LINE 








ASSEMBLY LINE 
ENVIRONMENTALS QC INSPECTION 


ELECTRICAL TEST 


QA ACCEPTANCE 
PROGRAM VERIFICATION 
VISUAL/MECHANICAL 
FACT, PARAMETRIC TESTING R/QC INSPECTION 
AT TEMPERATURE AQL = 0.1% 


MARK & PACK 
FINAL VISUAL 


PLANT CLEARANCE QA INSPECTION 
SHIP QA INSPECTION 
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CAT22C 10, CAT22C10 I tnaustrial Temperature] 
256-BIT (64X4) NON-VOLATILE CMOS STATIC RAM 


DESCRIPTION 


The Catalyst CAT22C10 Non-Volatile Random Ac- 
cess Memory (NVRAM) is a 256-bit device with a 
64x4 organization. It features fully static CMOS cir- 
cuitry for very low power consumption. The active 
current is 40mA. and the standby current is 30/A. 


An internal EEPROM array provides bit-by-bit back- 
up forthe static RAM array. Store operations write 
data from the RAM array to the EEPROM array. 
Recall operations write data from the EEPROM 
array to the RAM array. 


Data retention for each store cycle is specified for 
over 10 years, and over 10,000 store operations 
can be performed reliably. Unlimited recall opera- 
tions, and read and write operations to the RAM are 
further specified. 


The CAT22C10 has internal false store protection 
circuitry, which prohibits any store operation for Vcc 
less than 3.5 volts (typically) to ensure the integrity 
of the EEPROM data. Other internal circuitry per- 
forms an automatic recall operation upon Vcc 
power-up. 


BLOCK DIAGRAM 


EEPROM ARRAY 


Row STATIC RAM 


Select | 


Coiumn Select 


Control 
Logic 


Read/Write 
Circuits 


CS WE 


VOo VO; VO2 VOs 





FEATURES 


CMOS technology - completely static opera- 
tion 

Low current consumption (standby 30.A max., 
operation 40mA. max.) 

Single power supply (+5V +10%) 

RAM access time 200ns, and 300ns. 

Fully TTL and CMOS compatible 

JEDEC standard 18-pin 300-mil package 
Write protect circuit to preserve data on Power- 
up and Power-down 

Automatic recall on power-up 

3-state output 

Short store pulse -200ns 

Short recall pulse -300ns 

False store protection below 3.5V operation 
level 

10,000 non-volatile store cycles per bit 


PIN CONFIGURATION 





Address Store 

| VOo-V/O3 Data in/out +5V 

WE Write enable 

| CS Chip select 
| RECALL Recall 


Ground 
No connect 
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MODES OF OPERATION 
























= 









Output high impedence RECALL (EEPROM—RAM) 
Output high impedence STORE (RAM—EEPROM) 
Output high impedence STORE (RAM-—»>EEP ROM) 





NOTES: 


RECALL signal has priority over STORE signal when both are applied at the same time 
STORE Is inhibited when RECALL is active 

The auto recall is activated on power-up when Vcc reaches ~3.5V 

The store operation is inhibited when Vcc is below =3.5V 

Vcc rise and fall time should be between 10ms and 1000ms 


Vcc 


5.0 
3.5 


Auto RECALL 


fl fl 
STORE inhibit ah ik si te tok 


CATALYST NVRAM CAT22C10 


MAXIMUM RATINGS * 
Storage temperature Tigigt <6 f.8 em ech eo eG Seld & -65°C to +150°C 
Temperature under bias Wigs: sea. oe hh ee wees -40°C to +85°C 
Power supply NGCo soo sete cate vae Bod epee rae -0.3 to +6V 
Input voltage VIII sic: oS Sie nee Her set weet -0.3 to +6V 
Output voltage MOU. sce ae ss he hoses ee eee 2 0.0 to +6V 
Output current lOUl | 2 ee hae ee 5mA 
Leadtemperature «ii ee ee 260°C 


(soldering for 10 seconds) 


“Stresses above those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. This is 
a stress rating only and the functional operation of the device at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


DC CHARACTERISTICS 
(Voc = +5V +10%, CAT22C10 Ta = 0°C to +70°C, CAT22C 101 Ta = -40°C to +85°C ) 
Limits 
Typ. Max. 


All input=5.5V, Ta =0°C 
All outputs unloaded 


Current consumption (stand-by) 


Output leakage current 
VbH RAM data holding voltage 


CAPACITANCE 
(T, = 25°C, f = 1.0 MHz, V... = SV) 


Symbol Parameter Conditions Limits | 
Typ. max. 
es 


Note: These parameters are periodically sampled and are not 100% tested. 
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AC CHARACTERISTICS < Write Cycle> 
( CAT22C10 Ta = 0°C to +70°C, CAT22C101 Ta = -40°C to +85°C ) 


we [Wane 
Tew | eS wa 
os [Ass tne 
[Wie 
= 
on 
— 
= 















Voc = 4.5 to 5.5V 
CL= 100pF + 1TTL gate 
Von = 2.2V 
Vor = 0.65V 
Vin =2.2V 
Vit = 0.65 


















[enn 


AC CHARACTERISTICS <Write Cycle> 
( CAT22C10 Ta = 0°C to +70°C, CAT22C101 Ta = -40°C to +85°C ) 








Address 


MLLLL AE / 


twR 


Loan tDH 
Data in —: DATA VALID ) 


twz Ny 


Data out High -2 
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AC CHARACTERISTICS <Early Write Cycle> 
( CAT22C10 Ta = 0°C to +70°C, CAT22C101 Ta = -40°C to +85°C ) 


Address 


i MLL 


twp 


Data out High-Z 





AC CHARACTERISTICS <Read Cycle> 
( CAT22C10 Ta = 0°C to +70°C, CAT22C101I Ta = -40°C to +85°C ) 





Address 











: ome lop Figh 2 


Data I/O 


Symbol Parameter Conditions 22C10-20 22C10-30 
Min Max Min Max 





















Cr. = 100pF 

nn 
Von =2.2V 
; Vin = 2.2V 

| 00 | 10 | 100 | ns 





CS disable time 
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AC CHARACTERISTICS <Store Cycle> 


a a 


CL=100pF + 1TTL gate 
Store pulse width 
Store disable time Vin = 2.2V, Vit = 0.65V 
Store enable time 


Data I/O 





AC CHARACTERISTICS <Recall Cycle> 


| Recallcycletime | Recallcycletime time Voc = 4.5 to 5.5V | 1400 | 
| tee | Recallpusowiath | (ov. vou 0050 























tRcc 





tRcoP 





RECALL 


eo \VIXV\\\ XX 
Data I/O ——— a | Data undefined Date vaia 
4 High Z 


tRCz 


taRcC 
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DEVICE OPERATION 


The configuration of the CAT22C10 allows a com- 
mon address bus to be directly connected to the ad- 
dress inputs, and the Input/Output (I/O) pins to be 
connected directly to acommon I/O bus if it has less 
than 1 TTLload and 100pF capacitance. If not, the 
I/O path should be buffered. 

When the chip select (CS) goes low, the chip is ac- 
tivated. When CS is forced high, the chip goes into 
the standby mode and consumes very little current. 
With the Non-Volatile functions inhibited, the device 
operates like a Static RAM. The Write Enable (WE) 
selects a write operation when WE is low anda 
read operation when WE is high. In either of these 
modes, an array byte (4 bits) can be addressed uni- 
quely by using the address lines (Ao - As), and that 
byte will be read or written to through the Input/Out- 
put pins (I/Qo - I/O3). 


The Non-Volatile functions are inhibited by holding 
the STORE input and the RECALL high. When the 
RECALL input is taken low, it initiates a recall 
operation which transfers the contents of the entire 
EEPROM array into the Static RAM. When the 
STORE input is taken low, it initiates a store opera- 
tion which transfers the entire Static RAM array 
contents into the EEPROM array. 








STANDBY MODE 


The chip select (CS) input controls all of the func- 
tions of the CAT22C10. When a high level is sup- 
plied to the CS pin, the chip goes into the standby 
mode. In the mode the chip consumes 99.9% less 
power and the outputs are put into a high im- 
pedance state. Because Iccs is less than 100A in 
standby mode, the designer has the flexibility to use 
this part in battery operated systems. 


READ 


When the chip is enabled (CS_= low), the Non- 
Volatile functions are inhibited (STORE = high and 
RECALL = high). The Write Enable (WE) can put 
the chip into the read mode when it is held high. In 
this mode, the data in the Static RAM array may be 
accessed by selecting an address on the input pins 
Ao - As. This will occur when the outputs are con- 
nected to a bus which is loaded by no more than 
100pF and 1 TTL gate. If the loading is greater than 


NVRAM 


CAT22C10 


this, some additional buffering circuitry is recom- 
mended. 


WRITE 


Like the read mode, with the chip enabled and the 
non-volatile functions inhibited, the Write Enable 
(WE) will select the write mode when taken to a low 
level. In this mode, the address must be supplied 
for the byte to be written to. After the set-up time 
(tas), the input data must be supplied to pins 1/OQo - 
/O3. When these conditions, including the write 
pulse width time (twp), are met, the data will be writ- 
ten to the specified location in the static RAM. A 
write function may also be initiated from the standby 
mode by setting WE = low, inhibiting the Non- 
Volatile functions, supplying valid addresses, and 
then taking CS low and supplying input data. 


RECALL 


At anytime, except during a store, taking the 
RECALL pin low will initiate a recall operation. This 
is independent of the state of CS, WE, or Ao-As. 
After the RECALL pin has been held low for the 
duration of the Recall Pulse Width (trcp), the recall 
will continue independent of any other inputs. 
During the recall, the entire content of the EEPROM 
array is transferred to the Static RAM array. The 
first byte of data may be externally accessed after 
the recalled data access time from end of recall 
(taRc). After this, any other bytes may be accessed 
by using the normal read mode. 


lf RECALL is held low for the entire Recall Cycle 
time (tRcc), the contents of the Static RAM may be 
immediately accessed by using the normal read 
mode. A recall operation can be performed an un- 
limited number of times without affecting the in- 
tegrity of the data. A recall operation is 
automatically performed upon power-up (low to 
high transition) of VCC. 


The outputs 1/00-I/O3 will go into the high im- 


pedance state as long as the RECALL signal is held 
low. 
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STORE 


At any time, except during a recall operation, taking 
the STORE pin low will initiate a store operation. 
This takes place independent of the state of CS, 
WE or Ao-As. The STORE pin must be held low for 
the duration of the Store Pulse Width (tstp) to en- 
sure that a_store operation is initiated. Once in- 
itiated, the STORE pin may be left low or taken high 
and the store operations will complete its transfer 
of the entire contents of the Static RAM array into 
the EEPROM array within the Store Cycle time 
(tstc). However, if a store operation is initiated 
during the write mode, the contents of the ad- 
dressed Static RAM byte and its corresponding 
byte in the EEPROM array will be unknown. 





During the store operation, the outputs are in aHigh 
impedance state. At least 10,000 store operations 


NVRAM 


CATALYST 


can be performed reliably. The data which is writ- 
ten into the EEPROM array during a store opera- 
tion has a data retention time greater than 10 years. 


DATA PROTECTION DURING POWER-UP 
AND POWER-DOWN 


The CAT22C10 has on-chip circuitry which will 
prevent a store operation from occurring when Vcc 
falls below 3.5V. This function eliminates the 
potential hazard of aspurious Store operation being 
initiated because the system signals are unstable 
at a low Vcc. This function does not affect the 
ability of external circuitry to intentionally do a Store 
operation when Vcc falls below 4.5V. In fact, it is 
still important to prevent a potential second initia- 
tion of a store operation. 


CATALYST 
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CAT22C 12, CAT22C 12 I [Industrial Temperature] 
1024-BIT (256X4) NON-VOLATILE CMOS STATIC RAM 


DESCRIPTION 


The Catalyst CAT22C12 Non-Volatile Random Ac- 
cess Memory (NVRAM) is a 1024-bit device with a 
256x4 organization. It features fully static CMOS 
circuitry for very low power consumption. The ac- 
tive current is 50mA. and the standby current is 
SOLA. 


An internal EEPROM array provides bit-by-bit back- 
up for the static RAM array. Store operations write 
data from the RAM array to the EEPROM array. 
Recall operations write data from the EEPROM 
array to the RAM array. 


Data retention for each store cycle is specified for 
over 10 years, and over 10,000 store operations 
can be performed reliably. Unlimited recall opera- 
tions, and read and write operations to the RAM are 
further specified. 


The CAT22C12 has internal false store protection 
circuitry, which prohibits any store operation for Vcc 
less than 3.5 volts (typically) to ensure the integrity 
of the EEPROM data. Other internal circuitry per- 
forms an automatic recall operation upon Vcc 
power-up. 


BLOCK DIAGRAM 
EEPROM ARRAY 


STATIC RAM 


ARRAY 
RECALL 


Column Select 


Control 
Logic 


Read/Write 
Circuits 


CS WE 


VOo VO1 VOe2 VOg3 





FEATURES 


CMOS technology - completely static opera- 
tion 


operation 50mA. max.) 

Single power supply (+5V +10%) 

RAM access time 200ns, and 300ns. 

Fully TTL and CMOS compatible 

JEDEC standard 18-pin 300-mil package 
Write protect circuit to preserve data on Power- 
up and Power-down 

Automatic recall on power-up 

3-state output 

Short store pulse -200ns 

Short recall pulse -300ns 

False store protection below 3.5V operation 
level 

10,000 non-volatile store cycles per bit 


PIN CONFIGURATION 


Ba WE 


ma RECALL 
(TOP VIEW) 


Ac-A7 Address in Store 
I/Oo-I/O3 Data in/out 45V 
WE Write enable 
cs Chip select 
RECALL Recall 


Ground 
No connect 
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Low current consumption (standby 301A max., — 





CAT22C12 | NVRAM CATALYST 


MODES OF OPERATION 


Input/Output 


Output high impedance Standby 
Pon 





NOTES: 


RECALL signal has priority over STORE signal when both are applied at the same time 
STORE is inhibited when RECALL is active 

The auto recall is activated on power-up when Vcc reaches =3.5V 

The store operation is inhibited when Vcc is below =3.5V 

Vcc rise and fall time should be between 10ms and 1000ms 


Auto RECALL 


ie JL 
STORE inhibit Fk. ee 





CATALYST NVRAM CAT22C012 


MAXIMUM RATINGS * 


Storage temperature Viste pee de Ae Be Bake Nl eee -65°C to +150°C 
Temperature under bias TRS Geni Weds oh ate siete Bae -40°C to +85°C 
Power supply VOOR ok fed deh Ay Arie, Seb Biase 2s -0.3 to +6V 

Input voltage VINE Saccateh e5 Gls a Ge ee -0.3 to +6V 
Output voltage MOU Bo. wars ie note He Soe te 0.0 to +6V 
Output current IO, he ee in se eh ee ek eee & 5mA 
leadtemperature ke 260°C 


(soldering for 10 seconds) 


*Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is 
a stress rating only and the functional operation of the device at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


DC CHARACTERISTICS 
(Voc = +5V £10%, CAT22C12 Ta = 0°C to +70°C, CAT22C 121 Ta = -40°C to +85°C ) 















lcco Current consumption (operating) | All input=5.5V, Ta =0°C 
All outputs unloaded 


a 
a 
te | omuteaageanon | osvarsesv | | or 
ve | Hostname | | 
| ovmetieree [Po 
Pe 
— ae 
= pet 







High level output voltage 
Low level output voltage lo. = 4.2mA 
RAM data holding voltage pec 


aah relhraey 
a =2or’, f= 1.0 MHz, V., = 5V) 


Symbol Parameter Conditions Limits 
Typ. max. 


a 


Note: These parameters are periodically sampled and are not 100% tested. 
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AC CHARACTERISTICS < Write Cycle> 
( CAT22C12 Ta = 0°C to +70°C, CAT22C121 Ta = -40°C to +85°C ) 


Max Min Max 

Pr | see“ 

[| eS win aw 
[as [Riera ine 
he | wine 
[te | Wier ine 
tins 
pt 
pw 
| ow 



















Voc = 4.5 to 5.5V 
CL= 100pF + iTTL gate 
Vou = 2.2V 
Voi = 0.65V 
Vin = 2.2V 
Vit = 0.65 














Data hold time 
Output disable time 
Output enable time 


AC CHARACTERISTICS <Write Cycle> 
( CAT22C12 Ta = 0°C to +70°C, CAT22C121 Ta = -40°C to +85°C ) 











Address 


Data in — DATA VALID 


twz 


High -2 om 
Data out igh - 
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AC CHARACTERISTICS <Early Write Cycle> 
( CAT22C12 Ta = 0°C to +70°C, CAT22C121 Ta = -40°C to +85°C ) 


tas ALL) 


= \XXXy ; 


Data out High-Z 





AC CHARACTERISTICS <Read Cycle> 
( CAT22C12 Ta = 0°C to +70°C, CAT22C121 Ta = -40°C to +85°C ) 


Address 


Data I/O High Z 


Parameter Conditions 22C12-20 
Min Max 


Read cycle time 
Address access time Voc = 4.5 to 5.5V 
C_ = 100pF 
Von = 2.2V 
Output data hold time Vo. = 0.65V 
Vin = 2.2V 
CS enable time Vi = 0.65 
CS disable time 








CAT22C12 NVRAM CATALYST 


AC CHARACTERISTICS <Store Cycle> 


: C.=100pF + 1TTL gate 
t Store pulse width 
Store disable time Vin = 2.2V, Vit = 0.65V 
Store enable time 



























Recall cycle time Veo = 4.5 to 5.5V 

Recall pulse width C= 100pF + TTL gate 

Von = 2.2V, VoL = 0.65V 

Recall disable time Vin = 2.2V, Vii = 0.65V 
Recall enable time 






















tRoP 
RECALL 


Se Vis Sw SN 
ent nae 
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DEVICE OPERATION 


The configuration of the CAT22C12 allows a com- 
mon address bus to be directly connected to the ad- 
dress inputs, and the Input/Output (I/O) pins to be 
connected directly to acommon I/O bus if it has less 
than 1 TTLload and 100pF capacitance. If not, the 
I/O path should be buffered. 


When the chip select (CS) goes low, the chip is ac- 
tivated. When CS is forced high, the chip goes into 
the standby mode and consumes very little current. 
With the Non-Volatile functions inhibited, the device 
operates like a Static RAM. The Write Enable (WE) 
selects a write operation when WE is low and a 
read operation when WE is high. In either of these 
modes, an array byte (4 bits) can be addressed uni- 
quely by using the address lines (Ao - A7), and that 
byte will be read or written to through the Input/Out- 
put pins (I/Oo - I/O3). 


The Non-Volatile functions are inhibited by holding 
the STORE and the RECALL high. When the 
RECALL input is taken low, it initiates a recall 
operation which transfers the contents of the entire 
EEPROM array into the Static RAM. When the 
STORE input is taken low, it initiates a store opera- 
tion which transfers the entire Static RAM array 
contents into the EEPROM array. 








STANDBY MODE 


The chip select (CS) input controls all of the func- 
tions of the CAT22C12. When a high level is sup- 
plied to the CS pin, the chip goes into the standby 
mode. In the mode the chip consumes 99.9% less 
power and the outputs are put into a high im- 
pedance state. Because Iccs is less than 100uA in 
standby mode, the designer has the flexibility to use 
this part in battery operated systems. 


READ 


When the chip is enabled (CS _= low), the Non- 
Volatile functions are inhibited (STORE = high and 
RECALL = high). The Write Enable (WE) can put 
the chip into the read mode when itis held high. In 
this mode, the data in the Static RAM array may be 
accessed by selecting an address on the input pins 
Ao - Az. This will occur when the outputs are con- 
nected to a bus which is loaded by no more than 
100pF and 1 TTL gate. If the loading is greater than 
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this, some additional buffering circuitry is recom- 
mended. 


WRITE 


Like the read mode, with the chip enabled and the 
non-volatile functions inhibited, the Write Enable 
(WE) will select the write mode when taken to alow 
level. In this mode, the address must be supplied 
for the byte to be written to. After the set-up time 
(tas), the input data must be supplied to pins I/Oo - 
/O3. When these conditions, including the write 
pulse width time (twp), are met, the data will be writ- 
ten to the specified location in the static RAM. A 
write function may also be initiated from the standby 
mode by setting WE = low, inhibiting the Non- 
Volatile functions, supplying valid addresses, and 
then taking CS low and supplying input data. 


RECALL 


At_ anytime, except during a store, taking the 
RECALL pin low will initiate a recall operation. This 
is independent of the state of CS, WE, or Ao-A7. 
After the RECALL pin has been held low for the 
duration of the Recall Pulse Width (trcp), the recall 
will continue independent of any other inputs. 
During the recall, the entire content of the EEPROM 
array is transferred to the Static RAM array. The 
first byte of data may be externally accessed after 
the recalled data access time from End of Recall 
(tanc). After this, any other bytes may be accessed 
by using the normal read mode. 


If RECALL is held low for the entire Recall Cycle 
time (tRcc), the contents of the Static RAM may be 
immediately accessed by using the normal read 
mode. A recall operation can be performed an un- 
limited number of times without affecting the in- 
tegrity of the data. A recall operation is 
automatically performed upon power-up (low to 
high transition) of Vcc. 


The outputs 1/Oo-I/O3 will go into the high im- 
pedance state as long as the RECALL signal is held 
low. 
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STORE 


At any time, except during a recall operation, taking 
the STORE pin low will initiate a store operation. 
This takes place independent of the state of CS, 
WE or Ao-A7. The STORE pin must be held low for 
the duration of the Store Pulse Width (tstp) to en- 
sure that a store operation is initiated. Once in- 
itiated, the STORE pin may be left low or taken high 
and the store operations will complete its transfer 
of the entire contents of the Static RAM array into 
the EEPROM array within the Store Cycle time 
(tstc). However, if a store operation is initiated 
during the write mode, the contents of the ad- 
dressed Static RAM byte and its corresponding 
byte in the EEPROM array will be unknown. 





During the store operation, the outputs are in ahigh 
impedance state. At least 10,000 store operations 
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can be performed reliably. The data which is writ- 
ten into the EEPROM array during a store opera- 
tion has a data retention time greater than 10 years. 


DATA PROTECTION DURING POWER-UP 
AND POWER-DOWN 


The CAT22C12 has on-chip circuitry which will 
prevent a store operation from occurring when Vcc 
falls below 3.5V. This function eliminates the 
potential hazard of a spurious store operation being 
initiated because the system signals are unstable 
at a low Vcc. This function does not affect the 
ability of external circuitry to intentionally do a store 
operation when Vcc falls below 4.5V. In fact, it is 
still important to prevent a potential second initia- 
tion of a store operation. 
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CAT24C44, CAT24C44 I [Industrial Temperature] 
256-BIT (16X16) NON-VOLATILE CMOS SERIAL STATIC RAM 


DESCRIPTION 


The Catalyst CAT24C44 Non-Volatile RAM 
(NVRAM) is a 256-bit device with a 16 x 16 or- 
ganization. It features fully static CMOS circuitry for 
very low power consumption. Active current is 10 
mA and standby current is typically 5uA. An inter- 
nal EEPROM array provides bit-by-bit backup for 
the static RAM array. Store operations write data 
from the RAM to the EEPROM array. Recall opera- 
tions write data from the EEPROM array by either 
hardware inputs or software commands. 


Data retention for each store cycle is specified for 
over 10 years and over 10,000 store operations can 
be performed reliably. There are unlimited recall 
operations from the EEPROM along with unlimited 
read and write operations to the RAM. 


The CAT24C44 has internal false store protection 
circuitry to prohibit store operations when Vcc is 
less than 3.5V (typ.). This ensures EEPROM data 
integrety. Other internal circuitry performs an 
automatic recall upon power-up. 


PIN CONFIGURATION 


TOP VIEW 








FEATURES 


CMOS technology, completely static opera- 
tion 

Single 5-volt supply 

Low current consumption (standby-5pA typ., 
operation 10mA typ., sleep current 5A typ.) 
Software/hardware control of non-volatile 
functions 

Fully TTL & CMOS compatible with high drive 
ability 

Write protection preserves data on power-up 
and power-down 

Auto-recall on power-up 

Serial port compatible (i.e. COPS™, 8051) 
3-State output 

Short store pulse - 200ns 

Short recall pulse - 500ns 

False store protection below 3.5V 

operation level 

10,000 non-volatile store cycles ber bit. 

8 pin low cost 300-mil package 


SK Serial Clock 

DI Serial Data Input 
DO Serial Data Output 
CE Chip Enable 
Recall 

Store 


RECALL 
STORE 
Vee +5V 
Vss Ground 





CAT24C44 NVRAM CATALYST 


BLOCK DIAGRAM 


EEPROM ARRAY 


RECALL 
| 
STATIC RAM STORE 
Row Decode ARRAY 
256-Bit Control STORE(7) 
Logic een ied 
CE(1) RECALL(6) 


Instruction Column Decode 
DI(3) Register Bs 
Ps DO(4) 


= -_ - 
Instruction i. 4-Bit 
Decode a: Counter 
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CATALYST NVRAM CAT24C044 


NON-VOLATILE MODES OF OPERATION 






















Latch RECALL 
ET 


X = Don't care 





NOTES: 


m @6 The store operation has priority over all the other operations 

m The auto recall is activated on power-up when Vcc reaches =3.5V 
m™ = The store operation is inhibited when Vcc is below =3.5V 

mM Vcc rise and fall time should be between 10ms and 100ms 


Auto recall 


store inhibit 
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CAT24C44 NVRAM CATALYST 


MAXIMUM RATINGS * 
Storage temperature Sig) Soeeis's Seth GR > Ge 2 -65°C to +150°C 
Temperature under bias Tyas. Cited ive Ge oe ee ee -50° C to +125°C 
Power supply NGC). doit: Geyer eee ees -0.3 to+6V 
Input voltage VIN; ote Se ee oe -0.3 to Vcc +0.3V 
Output voltage VOUD (4 oe: Goan eee ee Sees 0.0 to+Vcc 
Output current OWT as tes eee BS ed ee es 5mA 
Leadtemperature i 260°C 


(soldering for 10 seconds) 
*Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is 
a stress rating only and the functional operation of the device at these or any other conditions above those indicated in 


the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


DC CHARACTERISTICS 
(Voc = +5V £10%, CAT24C44 Ta = 0°C to +70°C, CAT24C44l Ta = -40°C to +85°C ) 


vo =OUMP 


Current consumption (stand-by) | Inputs-VocorVss | 
re 
ee ee ES 







Conditions 






















Per fe 
a 
or | Haowiomene | omen fee | |_| v 
va. | toviwtcopuvotne | ta-eamae |_| [ow |v 
a 





CAPACITANCE 
(T, = 25°C, f = 1.0 MHz, V.,. = 5V) 


Symbol Parameter Conditions Limits 

| Typ. max. 
InpwOutputcapactance |= Wo=0V || 
| cw | imputcapactance | wee 


Note: These parameters are periodically sampled and are not 100% tested. 
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CATALYST NVRAM CAT24C044 


AC CHARACTERISTICS 
( CAT24C44 Ta = 0°C to +70°C, CAT24C44I Ta = -40°C to +85°C, Voc = 5V +10% ) 


tbH Input data hold time 


tcps CE de-select time 










Voc = 4.5 to 5.5V 
C.=100pF + 1TTL gate 
Von = 2.2V, Voi = 0.65V 
Vin = 2.2V, Vit = 0.65V 
Input rise and fall 

times = 10ns. 



















































READ CYCLE 


SK CYCLE # 


SK 
CE Vin 


DI 


DO 





WRITE CYCLE 


1/Fsx 
SKCYCLE# X 1 2 


SK ISKH | —"J tex 


{DH 
aa eas es 
DI 
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CAT24044 NVRAM CATALYST 


RAM READ 


“4 5 3 4 5 6 7 8 9 10 11 12. 22 28 2 


1XAXAXAKAY 1 1X XN ee ea 


HIGH Z. oD & Zs 


Do Di De Ds Dia Di5 Do 
Bit 8 of READ instructions is "Don’t Care" 





RAM WRITE 


fg 


9 10 11 12 


Do Di D2 Ds Dig Di4 Di5 
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CATALYST NVRAM CAT24C44 


STORE CYCLE 


Store pulse width 
Store disable time 


HARDWARE STORE 





Voc = 4.5 to 5.5V 
Ci =100pF + 1TTL gate 
Von = 2.2V, Vor = 0.65V 
Vin = 2.2V, Vit = 0.65V 














RECALL CYCLE 


RECALL CYCLE 





Voc = 4.5 to 5.5V 
CL=100pF + 1TTL gate 
Von = 2.2V, Vor = 0.65V 
Vin = 2.2V, Vit = 0.65V 


















RECALL 
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CAT24044 


INSTRUCTION SET 


Instruction 


Format, lo, hh, lo 






X = Don’t care 


A = Adaress bit 


NON-DATA OPERATIONS 


NVRAM 





CATALYST 














DEVICE OPERATION 


The CAT24C44 is a 256 bit non-volatile CMOS 
serial static RAM intended for use with the COPS/™ 
family of microcontrollers, or other standard 
microprocessors such as the 8048 or 8051. The 
CAT24C44 is organized as 16 registers by 16 bits. 
Seven 8 bit instructions control the device’s operat- 
ing modes, the RAM reading and writing, and the 


EEPROM storing and recalling. It is also possible » 


to control the EEPROM store and recall functions 
in hardware with the STORE and RECALL pins. 
The CAT24C44 operates on a single 5 Volt supply 
and will generate, on chip, the high voltage required 
during a RAM to EEPROM storing operation. 





Instructions, addresses, and write data are clocked 
into the DI pin on the rising edge of the clock (SK). 
The DO pin remains in a high impedance state ex- 
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cept when outputting data from the device. The 
CE (chip enable) pin must remain selected (low) 
during the entire data transfer. 


The format for all instructions sent to the CAT24C44 
is one logical "1" start bit, 4 address bits (data read 
or write operations) or 4 "don’t care” bits (device 
mode operations), and a 3 bit op code (See table 
above). For data write operations, the 8 bit instruc- 
tion is followed by 16 bits of data. For data read in- 
structions, DO will come out of the high impedance 
state and enable 16 bits of data to be clocked from 
the device. The 8th bit of the read instruction is a 
"don’t care" bit. This is to eliminate any bus con- 
tention that would occur in applications where the 
DI and DO pins are tied together to form a common 
DI/O line. A word of caution while clocking data to 
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or from the device. If the CE pin is prematurely 
deselected while shifting in an instruction, that in- 
struction will not be executed and the shift register 
internal to the CAT24C44 will be cleared. If there 
are more than or less than 16 SK clocks during a 
memory data transfer, an improper data transfer will 
result. 


WREN/WRDS 


The CAT24C44 powers up in the program disable 
state (the "write enable latch” is reset). Any 
programming after power-up or after a WRDS 
(RAM write/EEPROM store disable) instruction 
must first be preceded by the WREN (RAM 
write/EEPROM store enable) instruction. Once 
writing/storing is enabled, it will remain enabled 
until power to the device is removed, the WRDS in- 
struction is sent, or an EEPROM store has been ex- 
ecuted (STO/STORE). The WRDS (write/store 
disable) can be used to disable all CAT24C44 
programming functions, and will prevent any ac- 
cidental writing to the RAM, or storing to the 
EEPROM. Data can be read normally from the 
CAT24C44 regardless of the "write enable latch" 
Status. 


SLEEP 


The sleep mode places the CAT24C44 into a lower 
quiescent power mode. Internal RAM power is 
turned off, and any data that is written into the RAM 
area is lost. However, data from the last RAM to 
EEPROM store operation is retair d in the 
EEPROM memory. The CAT24C44 will exit the 
sleep mode, and restore the RAM memory area by 
issuing either a hardware or software recall com- 
mand. 


RCL/RECALL 


Data is transferred from the EEPROM data memory 
to RAM by either sending the RCL instruction, or by 
pulling the RECALL input pin low. Although the 
EEPROM data Is automatically transferred to RAM 
at power up, a recall operation must be performed 
before the EEPROM store, or RAM write operations 
can be executed. Either recall operation will set the 
"previous recall latch" internal to the CAT24C44. 


NVRAM 


CAT24044 


STO/STORE 


Data in the RAM memory area is stored in the 
EEPROM memory either by sending the STO in- 
struction or by pulling the STORE input pin low. To 
prevent any unwanted store operation, the follow- 
ing conditions must all be true before data can be 
transferred: 


The "previous recall latch" must be set. (See 
RCL/RECALL) 


The "write enable latch" must be set. (See 
WREN/WRDS) 


A store operation must be executed. 


During the store operation, all other CAT24C44 
functions are inhibited. Upon completion of the 
store operation the "write enable latch” is reset. 
The device also provides false store protection for 
Vcc falling below a 3.5 volt level. If Vcc falls below 
this level, the store operation is disabled and "write 
enable latch” is reset. 


READ 


Upon receiving a start bit, 4 address bits, and the 3 
bit read command (clocked into the DI pin), the DO 
pin of the CAT24C44 will come out of the high im- 
pedance state and the 16 bits of data, located at the 
address location specified in the instructions, will be 
clocked out of the device. When clocking data from 
the device, the first bit clocked out (DO) is timed from 
the falling edge of the 8th clock, all succeeding bits 
(D1 - D15) are timed from the rising edge of the 
clock. (See Read Cycle timing diagram.) 


WRITE 


After receiving a start bit, 4 address bits, and the 3 
bit WRITE command, the 16 bit word is clocked into 
the device for storage into the RAM memory loca- 
tion specified. 


[COPS™ is a trademark of National Semiconductor 
Corporation.] 
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EEPROMs 
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CATALYST EEPROM CAT93C46 
CAT93C46 
1K BIT SERIAL EEPROM 
DESCRIPTION FEATURES 
The CAT93C46isa1KbitSerialEEPROMmemory ™ Highly reliable CMOS floating gate technology 
device organized in 64 registers of 16bits(ORGpin ™@ Single S-volt supply 
at Vcc) or 128 registers of 8 bits each (ORG pinat MM 64x16 or 128x8 user selectable serial memory 
GND). Each register can be written (or read) serial- | Ml Compatible with National Semiconductor 
ly by using the DI (or DO) pin. The CAT93C46 is NMC 9346 
manufactured using Catalyst’s advanced CMOS (& Self timed programming cycle with Autoerase 
EEPROM floating gate technology. Itis designed MM Word and chip erasable 
to endure 10,000 erase/write cycles andhasadata mM Operating range 0°C to 70°C [industrial temp 
retention of 10 years. It is packaged in an 8 pin dip range available] 
or S.O. package. To be offered in a 3-volt version M 10,000 erase/write cycles 
( CAT33C101 ). mM 10 year data retention 

Mm Power-on data protection 


PIN CONFIGURATION 


TOP VIEW 





PIN FUNCTIONS 


CS Chip select 

SK Clock input 

Di Serial data input 

DO Serial data output 
Vec +5V power supply 
GND Ground 

NC No connection 

ORG Memory organization 


Note: ORG, When the ORG pin is connected to +5V, 
the 64x16 organization is selected. When it is con- 
nected to ground, the 128x8 organization is selected. 
If the ORG pin is left unconnected, then an internal 
pullup device will select the 64x16 organization. 





BLOCK DIAGRAM 


Memory Array Address 


128x8 Decoder 


or 
64x16 


Output 


buffer 


i 
Mode decode logic 


Clock generator 
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CAT93C46 EEPROM CATALYST 


ABSOLUTE MAXIMUM RATINGS * 


Storage temperature TSigh + & Se hak ae a eae 3 -65°C to +1 50°C 
Power supply NEO: Gna i. eee a abe egal +/7V 

Voltage on any inputpin ww ee -0.3 to +7V 
Voltage on any outputpin ww ee ee -0.3V to Vcc +0.3V 


*Stresses above those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. This is 
a stress rating only and the functional operation of the device at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


DC CHARACTERISTICS 
(Voc = +5V +10%, Ta = 0°C to 70°C ) 










Voc =5V,CS = V 
Current consumption (operating) Outputs Sripaded, | 


loc2 Current consumption (stand-by) a 5.5V, CS =0 
=0,SK=0 


Input leakage current Vin =5.5V Pe ! 






a 
ee ce 
tor | reviewers | Tecoma 




















Opcode Address Data Comments 
128 x 8 64x16 | 128x8 64x16 


Pre fan [as] || Pani m0 
ee fae ee 
1 [ee | ve-90 | a0 [orto [oe bo] WRT NAD 
1 [re 8 [nen no 
mare 
Peo 
Toe 









OOXXXXX | OOXXXX aa Program disable 
1OXXXXX | 10XXXX ae ae _ Erase all addresses 
01XXXXX | 01XXXX | D7-DO |D15- DO Program all addresses 
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CATALYST EEPROM CAT93C46 


AC CHARACTERISTICS 
(Vcc = +5V +10%, Ta = 0°C to 70°C ) 


CS setup time 










o| 9° ° 
i NO 


Ven048, Vira 24 

Vit = 0.45, Vin = 2.4 
ee | oaeywo 
sei] asninioa | 





1 


1 





an co 


Ol = 
o>) 


kHz 





DC 
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CAT93C46 EEPROM 


SYNCHRONOUS TIMINGS 


SK 


sue aoe Ee 


CS 


INSTRUCTION TIMING <WRITE> 
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CATALYST 





CATALYST EEPROM CAT93C46 


INSTRUCTION TIMING <EWENS, EWDS> 


ae Cf] ae tO a ER Vl VF sO FP 
CS | iia: *~\ STANDBY 


D1 1 0 0 


| —____——————————————_— 
Enable = 11 64x16 = 4X’s 


Disable = 00 128x8 = 5X’s 





INSTRUCTION TIMING <ERASE> 





INSTRUCTION TIMING <ERAL> 


DI 1 0 0 0 
64x16 = 4X’s 
128x8 = 5X’s 


DO a nee eee ieee ea ee ee eR, 
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CAT93C46 


INSTRUCTION TIMING <WRAL> 





CS 


EEPROM 


CATALYST 


Of ey A i A Le rd XD 


64x16 = 4X’s 
128x8 = 5X’s 


DO 


DEVICE OPERATION 


The CAT93C46H is a 1024 bit non-volatile memory 
intended for use with the COPS™ family of 
microcontrollers, or other standard microproces- 
sors. The CAT93C46H can be organized as either 
64 registers by 16 bits, or as 128 registers by 8 bits. 
Seven, 9 bit instructions (10 bit instruction in 128 by 
8 organization) control the reading, writing, and 
erase operations of the device. The CAT93C46H 
operates on a single 5 Volt supply and will generate 
on chip, the high voltage required during any 
programming operation. Instructions, addresses, 
and write data are clocked into the DI pin on the 
rising edge of the clock (SK). The DO pin is nor- 
mally in a high impedance state except when read- 
ing data from the device, or when checking the 
busy\ready status after a programming operation. 
The busy/ready status can be determined after a 
programming operation by selecting the device and 
polling the DO pin; DO low indicates that the 
programming operation is not completed, while DO 
high indicates that the device is ready. If neces- 
sary, the DO pin may be placed back into a high im- 
pedance state during chip select by shifting a 
dummy "1" into the DI pin. The DO will enter the 
high impedance state on the falling edge of the 
clock (SK). Placing the DO pin into the high im- 
pedance state is recommended in applications 
where the DI pin and and the DO pin are to be tied 
together to form a common DI/O pin. The format 
for allinstructions sent to the CAT93C46H is 1 logi- 
cal"1" start bit, a 2 bit (or 4 bit) op code, a 6 bit ad- 
dress (7 bit address when organized as 128 X 8), 
and for write operations a 16 bit data field (8 bit data 
field when organized as 128 X 8). 
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READ 


Upon receiving a READ command and address 
(clocked into the DI pin), the DO pin of the 
CAT93C46H will come out of the high impedance 
state, after sending 1 dummy zero bit the 16 bits (or 
8 bits) of data located at the address location 
specified in the instruction will be shifting out. The 
data bits being shifted out will toggle on the rising 
edge of the SK clock and is stable after the specified 
time delay tppo or tpp1. 


ERASE/WRITE ENABLE AND DISABLE 


The CAT93C46H powers up in the programming 
disable state. Any programming after power-up or 
after an EWDS (programming disable) instruction 
must first be preceded by the EWEN (programming 
enable) instruction. Once programming is enabled, 
it will remain enabled until power to the device is 
removed, or the EWDS instruction is sent. The 
EWDS instruction can be used to disable all 
CAT93C46H programming and erasing functions, 
and will prevent any accidental programming or 
erasing of the device. Data can be read normally 
from the CAT93C46H regardless of the program- 
ming enable/disable status. 


ERASE 


Upon receiving an ERASE command and address, 
the CS (chip select) must be deselected for a min- 
imum of 1 ws (Tcsmin). The falling edge of CS will 
start the self clocking erase cycle of the memory 
location specified in the instruction. The clocking 
of the SK pin is not necessary after the device has 
entered the self clocking mode. The BUSY/READY 


CATALYST 


status of the CAT93C46H can be determined by 
selecting the device and polling the DO pin. 


WRITE 


After receiving a WRITE command, address and 
the data, the CS (chip select) must be deselected 
for a minimum of 1 ps (TcsMiN). The falling edge of 
CS will start the self clocking erase and data store 
cycle of the memory location specified in the in- 
struction. The clocking of the SK pin is not neces- 
sary after the device has entered the self clocking 
mode. The BUSY/READY status of the 
CAT93C46H can be determined by selecting the 
device and polling the DO pin. With the 
CAT93C46H it is NOT necessary to erase a 
memory location before the WRITE command. 


ERASE ALL 


Upon receiving an ERASE ALL command, the CS 
(chip select) must be deselected for a minimum of 
1 us (TcsmIN). The falling edge of CS will start the 


EEPROM 


CAT93C46 


self clocking erase cycle of all memory locations in 
the device. The clocking of the SK pin is not neces- 
sary after the device has entered the self clocking 
mode. The BUSY/READY status of the 
CAT93C46H can be determined by selecting the 
device and polling the DO pin. 


WRITE ALL 


Upon receiving a WRITE ALL command and data, 
the CS (chip select) must be deselected for a min- 
imum of 1 us (TcsmiN). The falling edge of CS will 
start the self clocking data write to all memory loca- 
tions in the device. The clocking of the SK pin is 
not necessary after the device has entered the self 
clocking mode. The BUSY/READY status of the 
CAT93C46H can be determined by selecting the 
device and polling the DO. pin. It IS necessary for 
all memory locations to be erased before the 
WRITE ALL command is executed. 


MICROWIRE and COPS are registered trademarks 
of the National Semiconductor Corporation. 
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CATALYST 


CAT93C46I 
1K BIT SERIAL EEPROM 


DESCRIPTION 


The CAT93C46I is a 1K bit Serial EEPROM 
memory device organized in 64 registers of 16 bits 
(ORG pin at Vcc) or 128 registers of 8 bits each 
(ORG pin at GND). Each register can be written (or 
read) serially by using the DI (or DO) pin. The 
CAT93C46l is manufactured using Catalyst’s ad- 
vanced CMOS EEPROM floating gate technology. 
It is designed to endure 10,000 erase/write cycles 
and has a data retention of 10 years. It is packaged 
in an 8 pin dip or S.O. package. To be offered ina 
3-volt version ( CAT33C0101 1). 


PIN CONFIGURATION 


TOP VIEW 


Chip select 

Clock input 

Serial data input 
Serial data output 
+5V power supply 
Ground 

No connection 
Memory organization 


Note: ORG, When the ORG pin is connected to +5V, 
the 64x16 organization is selected. When it is con- 
nected to ground, the 128x8 organization is selected. 
If the ORG pin is left unconnected, then an internal 
pullup device will select the 64x16 organization. 





EEPROM 


CAT93C46l 


[Industrial Temperature] 


FEATURES 


Highly reliable CMOS floating gate technology 
Single 5-volt supply 

64x16 or 128x8 user selectable serial memory 
Compatible with National Semiconductor 
NMC 9346 

Self timed programming cycle with Autoerase 
Word and chip erasable 

Operating range -40°C TO +85°C 

10,000 erase/write cycles 

10 year data retention 

Power-on data protection 


BLOCK DIAGRAM 


Memory Array Address 


128x8 Decoder 


Or 
64x16 


Output 


buffer 


—— 
Mode decode logic 
Clock generator 








CAT93C46l EEPROM CATALYST 


ABSOLUTE MAXIMUM RATINGS * 


Storage temperature Weiges ith & Eo be eee -65°C to +150°C 
Power supply VOC 5 a. 4rd. 8 OG. eee ee +7V 

Voltage on any inputpin ws -0.3 to +7V 
Voltage on any outputpin ww ee ee -0.3V to Voc +0.3V 


*Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is 
a stress rating only and the functional operation of the device at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


DC CHARACTERISTICS 
(Vcc = +5V £10%, Ta = -40°C to +85°C ) 


Symbol Parameter Conditions oo 
p. Max. 
Voc =5.0V, CS =V 


-0, 8K =0 

SOS Sa Re 
te | omtnaap ct var=soncs-0| | | © | w 
in | Heaton | 

| towttipavetne Sd 
[Yor |Hiewineitotge | twnsona | ee | 
-_ 


INSTRUCTION SET 


Start Bit; Opcode Address Data 
128 x8 64x16 | 128x8 64x16 


Te fan [asl 
Cre [os Poe | 
ewer [1 [00 [e000 too 
peo 
Tee 
Poo 























OOXXXXX | OOXXXX ae Program disable 
1OXXXXX | 1OXXXX Le Erase all addresses 
O1XXXXX | 01XXXX | D7-DO |D15- D0 Program all addresses 
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CATALYST EEPROM CAT93C46l 


AC CHARACTERISTICS 
(Vcc = +5V +10%, Ta = -40°C to +85°C ) 


Symbol Parameter Conditions Limits 
Min. Typ. Max. 
a 
leona eG Vo = 0.8V, Von = 2.0 
















Ter | omer 
ee | Oat 
a 
er | eessepin wih 
en ain cSt 
[een | tinan sxvapenw | 
a 








CAT93C46l EEPROM CATALYST 


SYNCHRONOUS TIMINGS 


ss Tas CN CEE ees 


t 
tess CSMIN 





INSTRUCTION TIMING <ORGANIZATION> 


As D7 





INSTRUCTION TIMING <READ> 





INSTRUCTION TIMING <WRITE> 


HIGH Z 





CATALYST EEPROM CAT93C46l 


INSTRUCTION TIMING <EWENS, EWDS> 


ame Og oi ee aD a Ve Gis ca i es a ce a 
cs [OY STANDBY 


DI 1 0 0 
Enable = 11 64x16 = 4X’s 
Disable = 00 128x8 = 5X's 


}-———— eum —- 





INSTRUCTION TIMING <ERASE> 


cs / 
tcs 
0 
Dicey Ta ed od 


64x16 = 4X’s 
DO 128x8 = 5X’s 
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CAT93C46l 


INSTRUCTION TIMING <WRAL> 


EEPROM 


CATALYST 


DI XE PP NZI 7 7X 


64x16 = 4X’s 
128x8 = 5X’s 





DEVICE OPERATION 


The CAT93C46l is a 1024 bit non-volatile memory 
intended for use with the COPS™ family of 
microcontrollers, or other standard microproces- 
sors. The CAT93C46l can be organized as either 
64 registers by 16 bits, or as 128 registers by 8 bits. 
Seven, 9 bit instructions (10 bit instruction in 128 by 
8 organization) control the reading, writing, and 
erase operations of the device. The CAT93C46l 
operates on a single 5 Volt supply and will generate 
on chip, the high voltage required during any 
programming operation. Instructions, addresses, 
and write data are clocked into the DI pin on the 
rising edge of the clock (SK). The DO pin is nor- 
mally in a high impedance state except when read- 
ing data from the device, or when checking the 
busy\ready status after a programming operation. 
The busy/ready status can be determined after a 
programming operation by selecting the device and 
polling the DO pin; DO low indicates that the 
programming operation is not completed, while DO 
high indicates that the device is ready. If neces- 
sary, the DO pin may be placed back into a high im- 
pedance state during chip select by shifting a 
dummy "1" into the DI pin. The DO will enter the 
high impedance state on the falling edge of the 
clock (SK). Placing the DO pin into the high im- 
pedance state is recommended in applications 
where the DI pin and and the DO pin are to be tied 
together to form a common DI/O pin. The format 
for all instructions sent to the CAT93C461 is 1 logi- 
cal"1" start bit, a 2 bit (or 4 bit) op code, a 6 bit ad- 
dress (7 bit address when organized as 128 X 8), 
and for write operations a 16 bit data field (8 bit data 
field when organized as 128 X 8). 


READ 


Upon receiving a READ command and address 
(clocked into the DI pin), the DO pin of the 
CAT93C46l will come out of the high impedance 
state, after sending 1 dummy zero bit the 16 bits (or 
8 bits) of data located at the address location 
specified in the instruction will be shifting out. The 
data bits being shifted out will toggle on the rising 
edge of the SK clock and is stable after the specified 
time delay tppo or tpp1. 


ERASE/WRITE ENABLE AND DISABLE 


The CAT93C46l powers up in the programming dis- 


able state. Any programming after power-up or 
after an EWDS (programming disable) instruction 
must first be preceded by the EWEN (programming 
enable) instruction. Once programming is enabled, 
it will remain enabled until power to the device is 
removed, or the EWDS instruction is sent. The 
EWDS instruction can be used to disable all 
CAT93C46l programming and erasing functions, 
and will prevent any accidental programming or 
erasing of the device. Data can be read normally 
from the CAT93C46l regardless of the program- 
ming enable/disable status. 


ERASE 


Upon receiving an ERASE command and address, 
the CS (chip select) must be deselected for a min- 
imum of 1 ws (Tcsmin). The falling edge of CS will 
start the self clocking erase cycle of the memory 
location specified in the instruction. The clocking 
of the SK pin is not necessary after the device has 
entered the self clocking mode. The BUSY/READY 


CATALYST 


status of the CAT93C46lI can be determined by 
selecting the device and polling the DO pin. 


WRITE 


After receiving a WRITE command, address and 
the data, the CS (chip select) must be deselected 
for a minimum of 1 us (Tcsmin). The falling edge of 
CS will start the self clocking erase and data store 
cycle of the memory location specified in the in- 
struction. The clocking of the SK pin is not neces- 
sary after the device has entered the self clocking 
mode. The BUSY/READY status of the 
CAT93C46I can be determined by selecting the 
device and polling the DO pin. With the CAT93C46l 
it is NOT necessary to erase a memory location 
before the WRITE command. 


ERASE ALL 


Upon receiving an ERASE ALL command, the CS 
(chip select) must be deselected for a minimum of 
1 ws (Tcsmin). The falling edge of CS will start the 


EEPROM 


CAT93C46l 


self clocking erase cycle of all memory locations in 
the device. The clocking of the SK pin is not neces- 
sary after the device has entered the self clocking 
mode. The BUSY/READY status of the 
CAT93C46I can be determined by selecting the 
device and polling the DO pin. 


WRITE ALL 


Upon receiving a WRITE ALL command and data, 
the CS (chip select) must be deselected for a min- 
imum of 1 ws (Tcsmin). The falling edge of CS will 
start the self clocking data write to all memory loca- 
tions in the device. The clocking of the SK pin Is 
not necessary after the device has entered the self 
clocking mode. The BUSY/READY status of the 
CAT93C46I can be determined by selecting the 
device and polling the DO pin. It IS necessary for 
all memory locations to be erased before the 
WRITE ALL command Is executed. 


COPS and MICROWIRE are registered trademarks 
of the National Semiconductor Corporation. 
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CATALYST EEPROM CAT59C11 
CATS59CI1 

1K BIT SERIAL EEPROM 

DESCRIPTION FEATURES 

The CAT59C11 is a 1K bit Serial EEPROM = ‘™@ Highly reliable CMOS floating gate technology 
memory device organized in 64 registers of 16 bits lM Single 5-volt supply 

(ORG pin at Vcc) or 128 registers of 8 bits each Mm 64x16 or 128x8 user selectable serial memory 
(ORG pin atGND). Each registercanbe written(or Mf Compatible with General Instruments ER5911 
read) serially by using the DI (or DO) pin. The mM Self timed programming cycle with Autoerase 
CAT59C11 is manufactured using Catalysts ad- | Ml Word and chip erasable 

vanced CMOS EEPROM floating gate technology. mm Operating range 0°C to 70°C [industrial temp. 
It is designed to endure 10,000 erase/write cycles range available] 

and has a data retention of 10 years. It is packaged M 10,000 erase/write cycles 

in an 8 pin dip and Small Outline packages. To be mM 10 year data retention 

offered in a 3-volt package ( CAT33C201 ). Mm Power-on data protection 


PIN CONFIGURATION 


TOP VIEW 


E Vcc 
fy RDY/BUSY 


ORG 
GND 





PIN FUNCTIONS 


CS Chip select 

CLK Clock input 

DI Serial data input 

DO Serial data output 
Vcc +5V power supply 
RDY/BUSY Status output 

GND Ground 

ORG Memory organization 


Note: When the ORG pin is connected to +5V, the 
64x16 organization is selected. When it is connected 
to ground, the 128x8 organization is selected. If the 
ORG pin is left unconnected, then an internal pullup 
device will select the 64x16 organization. 





BLOCK DIAGRAM 


Memory Array Address 


Decoder 


128x8 

or 

64x16 
i 


buffer 


Mode decode logic 


Clock generator 


RDY/BUSY 





2-19 





CAT59C11 EEPROM CATALYST 


ABSOLUTE MAXIMUM RATINGS * 


Storage temperature Tsig-ae Sao sw ee ke ot ew -65°C to +150°C 
Power supply V66, wakaomus Doe hee S ..47V 

Voltage onanyinputpin ....... ee ee ee ee ee -0.3 to+7V 
Voltage on any outputpin ww ww ee -0.3V to Vcc +0.3V 


*Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is 
a stress rating only and the functional operation of the device at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


DC CHARACTERISTICS 
(Voc = +5V +10%, Ta = 0°C to 70°C ) 


=5.5V,CS =1 
Current consumption (operating) aoe unloaded 


ace 
=m Pome | “ 
DI =0,SK=0 

a 

te | Oanatagnainen | Vor=sv.cs-0 | | 
ec 
a 
pe 
— PT Te 







High level output voltage lou = -400nA 
Low level output voltage lo. = 2.1mA 






Start Bit | Opcode Address Data Comments 
128 x8 64x16 | 128x8 64x16 


PROGRAM X100 Program address An - Ao 
Program enable | 


0011 0000000 | 000000 ae ‘ial 
0000 0000000 | 000000 a ae Program disable 


0010 0000000 | 000000 Erase all addresses 
0001 0000000 | 000000 Write all addresses 
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CATALYST EEPROM CAT59C11 


AC CHARACTERISTICS 
(Vcc = +5V +10%, Ta = 0°C to 70°C ) 


Parameter Conditions Limits 
Min. Typ. Max. 
| tess | cSsouptime es 
tCSH CS hold time CL = 100pF us| 









B15 | & 


| CShekdtine 

| ws | Diseuptime | Yun oas, vines 

Vit = 0.45, Vin = 2.4 
eer | oanasiee 
ev [eee piewan 
see [man scninine | 
eee ae 
[eu] vasnontonen 


2 


Poe 
vee [Te 
ee 
= 
ea a 
a a 
= 


5 





oe 


250 kHz 


& 
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CAT59C11 EEPROM CATALYST 


SYNCHRONOUS TIMINGS 


CLK Cycle 











0 


DO '@) v7, 
HIGH Z ——— °_ {DNX~, X DO 


INSTRUCTION TIMING <PROGRAM> 


gf er Ny 
SULLY LLL LL KKK LIL 


Dt __ 4X XY \o 0 SAN YX XAOKONXY, YOON, XX 


RDY/BUSY 
—————HIGHZ° SS Z | (ae 
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CATALYST EEPROM CAT59C11 


INSTRUCTION TIMING <PEN, PDS, for 128 x 8 organization> 


CS _/ Noe 
Tn em i a A en i a es eS 


DI 1 0 60 0 oO oO 0 0 oO O 
Enable = 11 
Disable = 00 





INSTRUCTION TIMING <PEN, PDS, for 64 x 16 organization> 





CS _/ \ | 
iam iP A a ac Fe 


DI 1 0 60 0 oO O 0 0 O 
Enable = 11 
Disable = 00 





INSTRUCTION TIMING <ERAL, 128 x 8 organization> 


ak LIL UU LU UU UU UU U Reet 


D| /1\_0 0o/1\ 0 0 O 0 0 0 0 0 1 fl VX X 


RDY/BUSY 


tew 
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CAT59C1 1 


EEPROM 


CATALYST 


INSTRUCTION TIMING <ERAL 64 x 16 organization> 


CS _/ | (AA ay 
ok ILILU UU UU UU UU U eto LU 


Aken @ 


DI 1 0 0/ 1 0 0 


RDY/BUSY 





DEVICE OPERATION 


The CAT59C11 is a 1024 bit non-volatile memory 
intended for use with all standard controllers. The 
CAT59C11 can be organized as either 64 registers 
by 16 bits, or as 128 registers by 8 bits. Six, 11 bit 
instructions (12 bit instruction in 128 by 8 organiza- 
tion) control the reading, writing, and erase opera- 
tions of the device. The CAT59C11 operates ona 
single 5 Volt supply and will generate on chip the 
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0 0 0 


high voltage required during any programming 
operations. Instructions, addresses, and write data 
are clocked into the DI pin on the rising edge of the 
clock (CLK). The DO pin is normal in a high im- 
pedance state except when reading data from the 
device. The ready/obusy status can be determined 
after a programming operation by polling the 
RDY/BUSY pin. 


CATALYST 


The format for all instructions sent to the CAT59C11 
is one logical "1" start bit, a 4 bit op code, a 6 bit ad- 
dress (7 bit address when organized as 128 X 8), 
and for write operations a 16 bit data field (8 bit data 
field when organized as 128 X 8). 


READ 


Upon receiving a READ command and address 
(clocked into the DI pin), the DO pin of the 
CAT59C11 will come out of the high impedance 
state. After sending 1 dummy zero bit the 16 bits 
(or 8 bits) of data located at the address location 
specified in the instruction will be shifted out. The 
data bit being shifted out will toggle on the rising 
edge of the CLK and is stable after the specified 
time delay tpp1 and tppo). 


ERASE/WRITE ENABLE AND DISABLE 


The CAT59C11 powers up in the programming dis- 
able state. Any programming after power-up or 
after a PDS (programming disable) instruction must 
first be preceded by the PEN (programming enable) 
instruction. Once programming is enabled, it will 
remain enabled until power to the device is 
removed or the PDS instruction is sent. The PDS 
instruction can be used to disable all the 
CAT59C11’s program and erase functions, and will 
prevent any accidental programming or erasing of 
the device. Data can be read normally from the 
CAT59C11 regardless of the programming 
enable/disable status. 


EEPROM 


CAT59C1 1 


PROGRAM 

After receiving a PROGRAM command, address, 
and the data, the RDY/BUSY pin goes low and the 
self clocking erase and data store cycle begins. 
The clocking of the CLK pin is not necessary after 
the device has entered the self clocking mode. The 
ready/busy status of the CATS9C11 can be deter- 
mined by polling the RDY/BUSY pin. 





ERASE ALL 


Upon receiving an WRAL command, the 
RDY/BUSY pin goes low and the self clocking 
erase sequence starts. The clocking of the CLK pin 
is not necessary after the device has entered the 
self clocking mode. The ready/ousy status of the 
CAT59C11 can be determined by polling the 
RDY/BUSY pin. 


WRITE ALL 

Upon receiving a WRAL command and data, the 
RDY/BUSY pin goes low and the self clocking data 
store cycle starts. The clocking of the CLK pin is not 
necessary after the device has entered the self 
clocking mode. The ready/busy status of the 
CAT59C11 can be determined by polling the 
RDY/BUSY pin. It IS necessary for all memory loca- 
tions to be erased before the WRAL command is 
executed. 
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CATALYST EEPROM CATS9C11A 
CATS9CIIA 

1K BIT SERIAL EEPROM 

DESCRIPTION FEATURES 


The CATS59C11A is a 1K bit Serial EEPROM 
memory device organized in 64 registers of 16 bits 
(ORG pin at Vcc) or 128 registers of 8 bits each 
(ORG pin at GND). Each register can be written (or 
read) serially by using the DI (or DO) pin. The 
CAT59C11A is manufactured using Catalyst’s ad- 
vanced CMOS EEPROM floating gate technology. 
It is designed to endure 10,000 erase/write cycles 
and has a data retention of 10 years. It is packaged 
in an 8 pin dip and Small Outline packages. To be 
offered in a 3-volt package (CAT33C201A). 


PIN CONFIGURATION 


TOP VIEW 


Chip select 

Clock input 

Serial data input 
Serial data output 
+5V power supply 
Status output 


RDY/BUSY 
GND Ground 
ORG Memory organization 


Note: When the ORG pin is connected to +5V, the 
64x16 organization is selected. When it is connected 
to ground, the 128x8 organization is selected. If the 
ORG pin is left unconnected, then an internal pullup 
device will select the 64x16 organization. 





Highly reliable CMOS floating gate technology 
Single 5-volt supply 

64x16 or 128x8 user selectable serial memory 
Compatible with General Instruments ER591 1 
Self timed programming cycle with Autoerase 
Word and chip erasable 

Operating range 0°C to 70°C [industrial temp. 
range available] 

10,000 erase/write cycles 

10 year data retention 

Power-on data protection 


BLOCK DIAGRAM 


Memory Array Address 


Decoder 
128x8 


or 
64x16 


Output 


Data register 
buffer 


Mode decode logic 


Clock generator 


RDY/BUSY 
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CAT59C11A EEPROM CATALYST 


ABSOLUTE MAXIMUM RATINGS * 


Storage temperature i ee ee ee -65°C to +150°C 
Power supply NOG. led pie Pee te eae Bs +7V 

Voltage onanyinputpin =... 2. ee ee ee ee -0.3 to+7V 
Voltage on any outputpin ww ww ee -0.3V to Vcc +0.3V 


*Stresses above those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. This is 
a stress rating only and the functional operation of the device at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


DC CHARACTERISTICS 
(Voc = +5V +10%, Ta = 0°C to 70°C ) 


Symbol Parameter 


Veco =5.5V, CS = 1 
lcci Current consumption (operating) DO unloaded 


Current consumption (stand-by) ey 5.5V, CS =0 


Input leakage current 


Output leakage current 


High level input voltage 
Low level input voltage 
High level output voltage 


Low level output voltage 


Opcode Address Data Comments 
128 x 8 64x16 | 128x8 64x16 


—- 0011 0000000 | 000000 > Program enable 
aa 0000 0000000 | 000000 a ae Program disable 
x 

























0010 0000000 {| 000000 Erase all addresses 
| 0001 0000000 000000 Write all addresses 
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CATALYST EEPROM CAT59C11A 


AC CHARACTERISTICS 
(Voc = +5V 10%, Ta = 0°C to 70°C ) 


Symbol Parameter Conditions Limits 
Min. Typ. Max. 
sss | cswtime | «id 
CS hold time CL = 100pF 

DI VoL = 0.8V, Vou = 2.0 





ee | Sarre 
ee 
ee 
ee 
a 
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CATS59C11A EEPROM CATALYST 


SYNCHRONOUS TIMINGS 


CLK Cycle 





INSTRUCTION TIMING <ORGANIZATION> 









INSTRUCTION TIMING <READ> 


cs [| 
Se nal er ee ie wa ed eel eh a dee 


a T 1\_0 0 WANX 7% XA0\ 
DO 0 ' 
(DO WY) 





INSTRUCTION TIMING <PROGRAM> 


co SON XXX 
ok SLEILIL LLL LLL ee 


Dt TOY \ o_o SAXON, OC 


51D) is) U 1) (am nena ta nC mennNeanEe ae Sane Oe ences eer Nees 
HIGH Z 


tEW 





2-30 


CATALYST EEPROM | CATS9C11A 


INSTRUCTION TIMING <PEN, PDS, for 128 x 8 organization> 


CS _/ \ 
eam ee a aC a 


DI 1 0 60 0 oO oO 0 0 oO O 
Enable = 11 
Disable = 00 





INSTRUCTION TIMING <PEN, PDS, for 64 x 16 organization> 





CS _/ \ 
cams el OR i i 


DI 1 0 0 0 0 0 0 0 0 
Enable = 11 
Disable = 00 





INSTRUCTION TIMING <ERAL, 128 x 8 organization> 





RDY/BUSY 
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CAT59C11A EEPROM CATALYST 


INSTRUCTION TIMING <ERAL 64 x 16 organization> 


cs _/ | EEBaey, 
ak I LILILI UU UU UU UU Reem LL 


DI 1 0 0/1 0 0 0 0 0 0 0 f-TN X 


RDY/BUSY 





INSTRUCTION TIMING <WRAL 128 x 8 organization> 





DEVICE OPERATION 


The CAT59C11A is a 1024 bit non-volatile memory on chip the high voltage required during any 
intended for use with all standard controllers. The programming operations. Instructions, addresses, 
CAT59C11A can be organized as either 64 and write data are clocked into the DI pin on the 
registers by 16 bits, or as 128 registers by 8 bits. rising edge of the clock (CLK). The DO pin is nor- 
Six, 11 bit instructions (12 bit instruction in 128 by mal in a high impedance state except when read- 
8 organization) control the reading, writing, and ing data from the device. The ready/busy status 
erase operations of the device. The CAT59C11A can be determined after a programming operation 
operates on asingle 5 Volt supply and will generate by polling the RDY/BUSY pin. 
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CATALYST 


The format for all instructions sent to the 
CAT59C11A is one logical "1" start bit, a 4 bit op 
code, a6 bit address (7 bit address when organized 
as 128 X 8), and for write operations a 16 bit data 
field (8 bit data field when organized as 128 X 8). 


READ 


Upon receiving a READ command and address 
(clocked into the DI pin), the DO pin of the 
CAT59C11A will come out of the high impedance 
state. After sending 1 dummy zero bit the 16 bits 
(or 8 bits) of data located at the address location 
specified in the instruction will be shifted out. The 
data bit being shifted out will toggle on the rising 
edge of the CLK and is stable after the specified 
time delay tpp1 and tppo). 


ERASE/WRITE ENABLE AND DISABLE 


The CAT59C11A powers up in the programming 
disable state. Any programming after power-up or 
after a PDS (programming disable) instruction must 
first be preceded by the PEN (programming enable) 
instruction. Once programming is enabled, it will 
remain enabled until power to the device is 
removed or the PDS instruction is sent. The PDS 
instruction can be used to disable all the 
CAT59C11A’s program and erase functions, and 
will prevent any accidental programming or erasing 
of the device. Data can be read normally from the 
CAT59C11A regardless of the programming 
enable/disable status. 


EEPROM 


CAT59C11A 


PROGRAM 


After receiving a PROGRAM command, address, 
and the data, the RDY/BUSY pin goes low and the 
self clocking erase and data store cycle begins. 
The clocking of the CLK pin is not necessary after 
the device has entered the self clocking mode. The 
ready/busy status of the CAT59C11Acan be deter- 
mined by polling the RDY/BUSY pin. 








ERASE ALL 

Upon receiving an WRAL command, the 
RDY/BUSY pin goes low and the self clocking 
erase sequence starts. The clocking of the CLK pin 
is not necessary after the device has entered the 
self clocking mode. The ready/ousy status of the 
CAT59C11A can be determined by polling the 
RDY/BUSY pin. 





WRITE ALL 

Upon receiving a WRAL command and data, the 
RDY/BUSY pin goes low and the self clocking data 
store cycle starts. The clocking of the CLK pin is not 
necessary after the device has entered the self 
clocking mode. The ready/busy status of the 
CAT59C11A can be determined by polling the 
RDY/BUSY pin. It IS necessary for all memory loca- 
tions to be erased before the WRAL command is 
executed. 
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CATALYST 


CATS9ICII1 I 
1K BIT SERIAL EEPROM 


DESCRIPTION 


The CAT59C11I is a 1K bit Serial EEPROM 
memory device organized in 64 registers of 16 bits 
(ORG pin at Vcc) or 128 registers of 8 bits each 
(ORG pin at GND). Each register can be written (or 
read) serially by using the DI (or DO) pin. The 
CAT59C11I is manufactured using Catalyst’s ad- 
vanced CMOS EEPROM floating gate technology. 
It is designed to endure 10,000 erase/write cycles 
and has a data retention of 10 years. It is packaged 
in an 8 pin dip and Small Outline packages. To be 
offered in a 3-volt version (CAT33C201 J). 


PIN CONFIGURATION 


TOP VIEW 


7 RDY/BUSY 
| ORG 


Chip select 
Clock input 
Serial data input 
Serial data output 
+5V power supply 
RDY/BUSY Status output 
GND Ground 
ORG Memory organization 


Note: When the ORG pin is connected to +5V, the 
64x16 organization is selected. When it is connected 
to ground, the 128x8 organization Is selected. If the 
ORG pin is left unconnected, then an internal pullup 
device will select the 64x16 organization. 


EEPROM 





CAT59C 111 


[Industrial Temperature] 


FEATURES 


Highly reliable CMOS floating gate technology 
Single 5-volt supply 

64x16 or 128x8 user selectable serial memory 
Compatible with General Instruments ER5911 
Self timed programming cycle with Autoerase 
Word and chip erasable 

Operating range -40°C to +85°C 

10,000 erase/write cycles 

10 year data retention 

Power-on data protection 


BLOCK DIAGRAM 


Memory Array Address 


Decoder 


128x8 

or 

64x16 
aoe 


buffer 


Mode decode logic 


Clock generator 


RDY/BUSY 
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CAT59C1 11 EEPROM CATALYST 


ABSOLUTE MAXIMUM RATINGS * 


Storage temperature | SIVGIGe <0! ee totak Scat ae Ge Ae -65°C to +150°C 
Power supply NECs aie Esai Berghe 8 ...47V 

Voltage onanyinputpin ........... ee ee -0.3 to +7V 
Voltage on any outputpin ww we ee ee -0.3V to Vcc +0.3V 


*Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is 
a stress rating only and the functional operation of the device at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


DC CHARACTERISTICS 
(Vcc = +5V £10%, Ta = -40°C to +85°C ) 


Current consumption (operating) canes meer 
loc2 Current consumption (stand-by) ate 5.5V, CS =0 
=0,SK=0 


rea wesv | |p * 












oe 
te | oapatenecon | vair=58v. 08-0 
ee 
| twine i | 
or | Hantwtouravete | mae fee | | 
ve [awison | twseimm | «do 





INSTRUCTION SET 






Opcode Address Data Comments 
128 x8 64x16 | 128x8 64x16 


[ee Taete [ascte [ || Rada A 
[ee [asi [ascAe [Bote [Bite] Pom adie Af 
fetoedtecel 0000000 ; 000000 a ae Program enable 

ae ca 





0000 0000000 | 000000 Program disable 
0000000 | 000000 Erase all addresses 
0000000 000000 Write all addresses 
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CATALYST EEPROM CAT590111 


AC CHARACTERISTICS 
(Vcc = +5V +10%, Ta = -40°C to +85°C ) 


Symbol Parameter Conditions Limits 
Min. Typ. Max. 
CS hold time CL = 100pF 







Yaw 048, Vine24 

Vit = 0.45, Vin = 2.4 
ee [eae 
Te [eens 
a 
a 
a 
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CAT59C111 EEPROM CATALYST 


SYNCHRONOUS TIMINGS 







CLK Cycle 


CLK 


came ae oe 


tcss 
CS 


DO 


INSTRUCTION TIMING <ORGANIZATION> 


wee |e 


INSTRUCTION TIMING <READ> 





CS ey aera 
ak ILEPLIL LLY ELLA 


DI T 1\_0 0 YANXXAO\ 
DO 0 j 
(Do XY) 





INSTRUCTION TIMING <PROGRAM> 


co SCN XXX XX 
ok SLELLE LILLE LLL LL ee LL 


DINKY 0 9 SAXON, OIC 


RDY/BUSY 
HIGH Z 


| tEW 
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CATALYST EEPROM CAT5901 11 


INSTRUCTION TIMING <PEN, PDS, for 128 x 8 organization> 


CS au/ Nee 
omer Ga gs JG a i is 


DI 1 0 60 0 oO oO 0 0 oO O 
Enable = 11 
Disable = 00 





INSTRUCTION TIMING <PEN, PDS, for 64 x 16 organization> 





CS _/ re 
ie dh deed eee ea eso ete ed eS a Wee ee eee a 


DI 1 0 0 0 0 0 0 0 0 
Enable = 11 
Disable = 00 





INSTRUCTION TIMING <ERAL, 128 x 8 organization> 


ak JLIUUUUU UU U UU U Reem UL 


DI 1\.0 of/1\ 0 0 0 0 0 0 0 oO , f/1X X_ 


RDY/BUSY 


tew 
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CAT59C111 EEPROM CATALYST 


INSTRUCTION TIMING <ERAL 64 x 16 organization> 


CS _/ Sua Rey 
ek Sa ea ae er De 


DI 1 0 O0/ 1 0 0 0 0 0 0 0 fo i x 


RDY/BUSY 





INSTRUCTION TIMING <WRAL 128 x 8 organization> 





DEVICE OPERATION 


The CAT59C111 is a 1024 bit non-volatile memory high voltage required during any programming 
intended for use with all standard controllers. The operations. Instructions, addresses, and write data 
CAT59C1 11 can be organized as either 64 registers are clocked into the DI pin on the rising edge of the 
by 16 bits, or as 128 registers by 8 bits. Six, 11 bit clock (CLK). The DO pin is normal in a high im- 
instructions (12 bit instruction in 128 by 8 organiza- pedance state except when reading data from the 
tion) control the reading, writing, and erase opera- device. The ready/ousy status can be determined 
tions of the device. The CAT59C11l operates ona after a programming operation by polling the 
single 5 Volt supply and will generate on chip the RDY/BUSY pin. 
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CATALYST 


The format for all instructions sent to the 
CAT59C111 is one logical "1" start bit, a 4 bit op 
code, a6 bit address (7 bit address when organized 
as 128 X 8), and for write operations a 16 bit data 
field (8 bit data field when organized as 128 X 8). 


READ 


Upon receiving a READ command and address 
(clocked into the DI pin), the DO pin of the 
CAT59C11I will come out of the high impedance 
state. After sending 1 dummy Zero bit the 16 bits 
(or 8 bits) of data located at the address location 
specified in the instruction will be shifted out. The 
data bit being shifted out will toggle on the rising 
edge of the CLK and is stable after the specified 
time delay tpp1 and tppo). 


ERASE/WRITE ENABLE AND DISABLE 

The CAT59C11I powers up in the programming dis- 
able state. Any programming after power-up or 
aftera PDS (programming disable) instruction must 
first be preceded by the PEN (programming enable) 
instruction. Once programming is enabled, it will 
remain enabled until power to the device is 
removed or the PDS instruction is sent. The PDS 
instruction can be used to disable all the 
CAT59C1 1l’s program and erase functions, and will 
prevent any accidental programming or erasing of 
the device. Data can be read normally from the 
CAT59C111 regardless of the programming 
enable/disable status. 


EEPROM 


CAT59C 111 


PROGRAM 

After receiving a PROGRAM command, address, 
and the data, the RDY/BUSY pin goes low and the 
self clocking erase and data store cycle begins. 
The clocking of the CLK pin is not necessary after 
the device has entered the self clocking mode. The 
ready/ousy status of the CAT59C111 can be deter- 
mined by polling the RDY/BUSY pin. 


ERASE ALL 

Upon receiving an WRAL command, the 
RDY/BUSY pin goes low and the self clocking 
erase sequence starts. The clocking of the CLK pin 
is not necessary after the device has entered the 
self clocking mode. The ready/ousy status of the 
CAT59C111 can be determined by polling the 
RDY/BUSY pin. 





WRITE ALL 

Upon receiving a WRAL command and data, the 
RDY/BUSY pin goes low and the self clocking data 
store cycle starts. The clocking of the CLK pin is not 
necessary after the device has entered the self 
clocking mode. The ready/busy status of the 
CAT59C11I can be determined by polling the 
RDY/BUSY pin. It IS necessary for all memory loca- 
tions to be erased before the WRAL command is 
executed. 
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CATALYST EEPROM CAT35C102 
CAT35C102 

2K BIT SERIAL EEPROM Preliminary 
DESCRIPTION FEATURES 


The CAT35C102 is a 2K bit Serial EEPROM 
memory device organized in 128 registers of 16 bits 
(ORG pin at Vcc) or 256 registers of 8 bits each 
(ORG pin at GND). Each register can be written (or 
read) serially by using the DI (or DO) pin. The 
CAT35C102 is manufactured using Catalyst’s ad- 
vanced CMOS EEPROM floating gate technology. 
It is designed to endure 10,000 erase/write cycles 
and has a data retention of 10 years. It is packaged 
in an 8 pin dip or SO package. To be offered in a 
3-volt version (CAT33C0102 ). 


PIN CONFIGURATION 


TOP VIEW 





PIN FUNCTIONS 


CS Chip select 

SK Clock input 

DI Serial data input 

DO Serial data output 
Vcc +5V power supply 
GND Ground 

NC No connection 

ORG Memory organization 


Note: When the ORG pin is connected to +5V, 
the 128x16 organization is selected. When it is 
connected to ground, the 256x8 organization is 
selected. If the ORG pin is left unconnected, 
then an internal pullup device will select the 
128x16 organization. 








Highly reliable CMOS floating gate technology 
Single 5-volt supply 

128x16 or 256x8 user selectable serial 
memory 

Microwire ~ compatible 

Self timed programming cycle with Autoerase 
Operating range 0°C to 70°C [industrial temp. 
range available] 

10,000 erase/write cycles 

10 year data retention 

Power-on data protection 


™ 


BLOCK DIAGRAM 


Memory Array Address 


128x16 Decoder 


Output 


or 
256x8 


—— se 


Mode decode logic 


Clock generator 


buffer 
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CAT35C102 EEPROM CATALYST 


ABSOLUTE MAXIMUM RATINGS * 


Storage temperature VIG). hy tee dh Gedo eG -65°C to +150°C 
Power supply NC@ <o6:3 So cee a Fee ees +/V 

Voltage onanyinputpin ww ww ee ee ee -0.3t0+7V 
Voltage on any outputpin ww ee -0.3V to Vcc +0.3V 


*Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is 
a stress rating only and the functional operation of the device at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


DC CHARACTERISTICS 
(Voc = +5V +10%, Ta = 0°C to 70°C ) 


; Voc =5.0V,CS=V 
Current consumption (operating) Output intoaded ‘ 


Icca Current consumption (stand-by) Vec = 5.5V, CS =0 
DI=0, SK=0 


Vin =5.5V 
voor = BBV, C8=0 


VIH 
VIL 
VOH 


VoL 





INSTRUCTION SET 


Opcode Address Data Comments 
256 x 8 128x 16 |256x8 128x 16 
1 1 


Tr arse [own [| | ems estes 0 
To 0 [nna 
a 
Teo 
Poo 





















OOXXXXXX | OOXXXXX a ae Program disable 
10XXXXXX | 1OXXXXX fe Erase all addresses 
01XXXXXX}|01XXXXX|} D7-DO |D15- DO Program all addresses 
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CATALYST EEPROM CAT35C102 


AC CHARACTERISTICS 
(Voc = +5V +10%, Ta = 0°C to 70°C ) 


ee [seme 


tcss i 
tHz 
tEw 









DI Vo = 0.8V, Von = 2.0 
DI hold time 

Output delay to 1 

| teo0 Output delay to 0 

pte Output delay to Hi-Z 









Erase/Write pulse width 








Minimum SK high time 

Minimum SK low time 

Output delay to status valid 
Maximum frequency aa DC 








9_AL 


~CAT35C0102 EEPROM CATALYST 


SYNCHRONOUS TIMINGS 


SK Cycle 


SK = 


m Sa 


cS tcss 


DO 





INSTRUCTION TIMING <WRITE> 


tHz 
HIGH Z 
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CATALYST EEPROM CAT35C102 


INSTRUCTION TIMING <EWENS, EWDS> 


a la ee ee a al Le dogh el lea 
cs [TY STANDBY 


DI 1 0 0 


Enable = 11 128x16 = 5X’s 
Disable = 00 256x8 = 6X'S 


-—-———————— xq ium 





INSTRUCTION TIMING <ERASE> 


DI 1 0 0 0 


128x16 = 5X’s 
DO 256x8 = 6X's 
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CAT35C102 


INSTRUCTION TIMING <WRAL> 


DI A essa en A RA yy) AY 


128x16 = 5X’s 
256x8 = 6X’s 


DO 


DEVICE OPERATION 


The CAT35C102 is a 2048 bit non-volatile memory 
intended for use with the CopSs™ family of 
microcontrollers, or other standard microproces- 
sors. The CAT35C102 can be organized as either 
128 registers by 16 bits, or as 256 registers by 8 
bits. Seven, 10 bit instructions (11 bit instructions 
in 256 by 8 organization) control the reading, writ- 
ing, and erase operations of the device. The 
CAT35C102 operates on asingle 5 Volt supply and 
will generate on chip, the high voltage required 
during any programming operation. Instructions, 
addresses, and write data are clocked into the DI 
pin on the rising edge of the clock (SK). The DO 
pin is normally in a high impedance state except 
when reading data from the device, or when check- 
ing the busy\ready status after a programming 
operation. The busy/ready status can be deter- 
mined after a programming operation by selecting 
the device and polling the DO pin; DO low indicates 
that the programming operation is not completed, 
while DO high indicates that the device is ready. If 
necessary, the DO pin may be placed back into a 
high impedance state during chip select by shifting 
adummy "1" into the DI pin. The DO will enter the 
high impedance state on the falling edge of the 
clock (SK). Placing the DO pin into the high im- 
pedance state is recommended in applications 
where the DI pin and and the DO pin are to be tied 
together to form a common DI/O pin. The format 
for all instructions sent to the CAT35C102 is 1 logi- 
cal"1" start bit, a 2 bit (or 4 bit) op code, a 7 bit ad- 
dress (8 bit address when organized as 256 X 8), 
and for write operations a 16 bit data field (8 bit data 
field when organized as 256 X 8). 
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CATALYST 


STANDBY 


Status Verify ae 
tHz 
us 


ready | HIGH Z 


READ 


Upon receiving a READ command and address 
(clocked into the DI pin), the DO pin of the 
CAT35C102 will come out of the high impedance 
state, after sending 1 dummy Zero bit the 16 bits (or 
8 bits) of data located at the address location 
specified in the instruction will be shifting out. The 
data bits being shifted out will toggle on the rising 
edge of the SK clock is stable after the specified 
time delay tppo or tpp1 


ERASE/WRITE ENABLE AND DISABLE 


The CAT35C102 powers up in the programming 
disable state. Any programming after power-up or 
after an EWDS (programming disable) instruction 
must first be preceded by the EWEN (programming 
enable) instruction. Once programming is enabled, 
it will remain enabled until power to the device is 
removed, or the EWDS instruction is sent. The 
EWDS instruction can be used to disable all 
CAT35C102 programming and erasing functions, 
and will prevent any accidental programming or 
erasing of the device. Data can be read normally 
from the CAT35C102 regardless of the program- 
ming enable/disable status. 


ERASE 


Upon receiving an ERASE command and address, 
the CS (chip select) must be deselected for a min- 
imum of 250 ns (Tcsmin). The falling edge of CS 
will start the self clocking erase cycle of the memory 
location specified in the instruction. The clocking 
of the SK pin is not necessary after the device has 
entered the self clocking mode. The BUSY/READY 


CATALYST 


status of the CAT35C102 can be determined by 
selecting the device and polling the DO pin. 


WRITE 


After receiving a WRITE command, address and 
the data, the CS (chip select) must be deselected 
for aminimum of 250 ns (Tcsmin). The falling edge 
of CS will start the self clocking erase and data store 
cycle of the memory location specified in the in- 
struction. The clocking of the SK pin is not neces- 
sary after the device has entered the self clocking 
mode. The BUSY/READY status of the 
CAT35C102 can be determined by selecting the 
device and polling the DO pin. With the 
CAT35C102 it is NOT necessary to erase a 
memory location before the WRITE command. 


ERASE ALL 


Upon receiving an ERASE ALL command, the CS 
(chip select) must be deselected for a minimum of 


EEPROM 


CAT35C102 


250 ns (Tcsmin). The falling edge of CS will start 
the self clocking erase cycle of all memory locations 
in the device. The clocking of the SK pin is not 
necessary after the device has entered the self 
clocking mode. The BUSY/READY status of the 
CAT35C102 can be determined by selecting the 
device and polling the DO pin. 


WRITE ALL 


Upon receiving a WRITE ALL command and data, 
the CS (chip select) must be deselected for a min- 
imum of 250 ns (Tcsmin). The falling edge of CS 
will start the self clocking data write to all memory 
locations in the device. The clocking of the SK pin 
is not necessary after the device has entered the 
self clocking mode. The BUSY/READY status of 
the CAT35C102 can be determined by selecting the 
device and polling the DO pin. It IS necessary for 
all memory locations to be erased before the 
WRITE ALL command is executed. 


COPS and MICROWIRE are registered trademarks 
of the National Semiconductor Corporation. 


2-49 





2-50 


CATALYST EEPROM CAT35C202 
CAT35C202 
2K BIT SERIAL EEPROM Preliminary 
DESCRIPTION FEATURES 
The CAT35C202 is a 2K bit Serial EEPROM =‘ Highly reliable CMOS floating gate technology 
memory device organizedin 128 registersof 16bits Mf 10ms programming cycle 
(ORG pin at Vcc) or 256 registers of 8 bits each MM Single 5-volt supply 
(ORG pin atGND). Eachregistercanbewritten(or Mf 128x16 or 256x8 user selectable 
read) serially by using the DI (or DO) pin. The serial memory 
CAT35C202 is manufactured using Catalyst’s ad- | M Compatible with General Instruments ER5912 
vanced CMOS EEPROM floating gate technology. MM Self timed programming cycle with Autoerase 
It is designed to endure 10,000 erase/write cycles m= = Word and chip erasable 
and has a data retention of 10 years. Itispackaged lm Operating range 0°C to 70°C [Industrial temp. 
in an 8 pin dip and Small Outline packages. To be range available] 
offered in a 3-volt version (CAT33C202). M 10,000 erase/write cycles 

M@ 10 year data retention 

m Power-on data protection 


PIN CONFIGURATION 


TOP VIEW 


se Vcc 
a RDY/BUSY 


ORG 
GND 





PIN FUNCTIONS 


CS Chip select 

CLK Clock input 

DI Serial data input 

DO Serial data output 
Vcc +5V power supply 
RDY/BUSY Status output 

GND Ground 

ORG Memory organization 


Note: When the ORG pin is connected to +5V, the 
128x16 organization is selected. When it is con- 
nected to ground, the 256x8 organization is selected. 
lf the ORG pin is left unconnected, then an internal 
pullup device will select the 128x16 organization. 





BLOCK DIAGRAM 


Memory Array Address 


4128x16 Decoder 
or 


256x8 


Output 


i = vas 


Mode decode logic 


Clock generator 


RDY/BUSY 
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CAT35C202 EEPROM CATALYST 


ABSOLUTE MAXIMUM RATINGS * 


Storage temperature Teta thet, tah eee are a ee -65°C to +150°C 
Power supply NOG: doe Ga 2 eb dex See a2 +7V 

Voltage onanyinputpin = 6 ww we ee ee -0.3 10 +7V 
Voltage on any output pin ww Lk ee -0.3V to Vcc +0.3V 


*Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is 
a stress rating only and the functional operation of the device at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


DC CHARACTERISTICS 
(Voc = +5V 10%, Ta = 0°C to 70°C ) 


Symbol Parameter Conditions Limits . 
Min. Typ. Max. 


Current consumption (operating) ee ee mae 
lec2 Current consumption (stand-by) | VOC =5.5V,CS=0 
| DI =0, SK=0 
2.4 













Ct 
he 
a 
te | omutaeeoren | var=sencs-0 | |_| [wm 
a 
a 
or | Haowiowmaveme | ocnvona [ee | 
a | tawintooparete | twseima || 


INSTRUCTION SET 


Opcode Address Data Comments 
256 x 8 128x16 |256x8 128x 16 


woo ar-10 [mmo] [|e ncmo 
ee 
[ros [1 [ome [ommtnn[cowsro] |_| Pewandaie 
















2-52 


CATALYST EEPROM CAT35C202 


AC CHARACTERISTICS 
(Voc = +5V +10%, Ta = 0°C to 70°C ) 















CL = 100pF 
Voit = 0.8V, Vou = 2.0 
Vit = 0.45, Vin = 2.4 


es [Benne 
eo [apace 
vee | owpusioreo 
ee | aeons 














N 
oO 
a 
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CAT35C202 EEPROM CATALYST 


SYNCHRONOUS TIMINGS 
CLK Cycle 


t 
le CSH 


CLK Len 
Ye Ca i4 GE 4 


ios Races NE 


CS i tois 
: aa 
INSTRUCTION TIMING <ORGANIZATION> 


INSTRUCTION TIMING <READ> 









ee a cree 
ok I LITLITLELAPLP LPL, FL 


D To 0 YAN XO) 
DO '@) NV 
(DO XH) 





INSTRUCTION TIMING <PROGRAM> 


a if NE 
ok SLPLPLILE LDL LALA PPLE LI 


DLS TXKYT\o 0 SAX XOXO, OT 


ROVIBUSY: cat ee hy 
HIGH Z 


lew 
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CATALYST EEPROM CAT35C202 


INSTRUCTION TIMING <PEN, PDS, for 256 x 8 organization> 


CS _/ X= 
Ge al EE ee ee ea 


DI 1 0 860 0 oO O 0 0 0 0 90 
Enable = 11 
Disable = 00 





INSTRUCTION TIMING <PEN, PDS, for 128 x 16 organization> 





CS _/ Ne 
es yO! fi i Fg Ds i oa Oe 


DI 1 0 860 0 0 0 0 0 0 0 
Enable = 11 
Disable = 00 





INSTRUCTION TIMING <ERAL, 256 x 8 organization> 


RDY/BUSY 
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CAT35C202 


EEPROM 


CATALYST 


INSTRUCTION TIMING <ERAL 128 x 16 organization> 


cs 
CLK 
DI 

RDY/BUSY 





BASS y, 


PDX 


INSTRUCTION TIMING <WRAL 256 x 8 organization> 





DEVICE OPERATION 


The CAT35C202 is a 2048 bit non-volatile memory 
intended for use with all standard controllers. The 
CAT35C202 can be organized as either 128 
registers by 16 bits, or as 256 registers by 8 bits. 
Six, 12 bit instructions (13 bit instruction in 256 by 
8 organization) control the reading, writing, and 
erase operations of the device. The CAT35C202 
operates on a single 5 Volt supply and will generate 
on chip the high voltage required during any 
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programming operations. Instructions, addresses, 
and write data are clocked into the DI pin on the 
rising edge of the clock (CLK). The DO pin is nor- 
mal in a high impedance state except when read- 
ing data from the device. The ready/busy status 
can be determined after a programming operation 
by polling the RDY/BUSY pin. 





The format for all instructions sent to the 
CAT35C202 is one logical "1" start bit, a 4 bit op 


CATALYST 


code, a7 bit address (8 bit address when organized 
as 256 X 8), and for write operations a 16 bit data 
field (8 bit data field when organized as 256 X 8). 


READ 


Upon receiving a READ command and address 
(clocked into the DI pin), the DO pin of the 
CAT35C202 will come out of the high impedance 
state. After sending 1 dummy zero bit the 16 bits 
(or 8 bits) of data located at the address location 
specified in the instruction will be shifted out. The 
data bit being shifted out will toggle on the rising 
edge of the CLK and is stable after the specified 
time delay tpp1 and tppo). 


ERASE/WRITE ENABLE AND DISABLE 


The CAT35C202 powers up in the programming 
disable state. Any programming after power-up or 
aftera PDS (programming disable) instruction must 
first be preceded by the PEN (programming enable) 
instruction. Once programming is enabled, it will 
remain enabled until power to the device is 
removed or the PDS instruction is sent. The PDS 
instruction can be used to disable all the 
CAT35C202’s program and erase functions, and 
will prevent any accidental programming or erasing 
of the device. Data can be read normally from the 
CAT35C202 regardless of the programming 
enable/disable status. 


EEPROM 


CAT35C202 


PROGRAM 


After receiving a PROGRAM command, address, 
and the data, the RDY/BUSY pin goes low and the 
self clocking erase and data store cycle begins. The 
clocking of the CLK pin is not necessary after the 
device has entered the self clocking mode. The 
ready/busy status of the CAT35C202 can be deter- 
mined by polling the RDY/BUSY pin. 


ERASE ALL 


Upon receiving an WRAL command, the RDY/BUSY 
pin goes low and the self clocking erase sequence 
starts. The clocking of the CLK pin is not necessary 
after the device has entered the self clocking mode. 
The ready/busy status of the CAT35C202 can be 
determined by polling the RDY/BUSY pin. 





WRITE ALL 


Upon_receiving a WRAL command and data, the 
RDY/BUSY pin goes low and the self clocking data 
store cycle starts. The clocking of the CLK pin is not 
necessary after the device has entered the self 
clocking mode. The ready/busy status of the 
CAT35C202 can be determined by polling the 
RDY/BUSY pin. It IS necessary for all memory loca- 
tions to be erased before the WRAL command is ex- 
ecuted. 
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CATALYST EEPROM | CAT35C104 


CAT35C104 





4K BIT SERIAL EEPROM Preliminary 
DESCRIPTION FEATURES 
The CAT35C104* is a 4K bit Serial EEPROM & Highly reliable CMOS floating gate technology 
memory device organized in 256 registers of16bits % Single 5-volt supply 
(ORG pin at Voc) or 512 registers of 8 bits each (M% Available in 8 pinDIPorS.O. package 
(ORG pin at GND). Each registercanbewritten(or % 256x16 or 512x8 user selectable serial 
read) serially by using the DI (or DO) pin. The Te « aa 
CAT35C104 is manufactured using Catalyst’s ad- | Mircowire “ compatible | 
vanced CMOS EEPROM floating gate technology. Self timed programming cycle with Autoerase 
It is designed to endure 10,000 erase/write cycles @ Operating range 0'C to 70 C [industrial temp. 
and has a data retention of 10 years. It is packaged range available] 
in an 8 pin dip or SO package. To beofferedina MM 10,000 erase/write cycles 
3-volt version (CAT33C 104). mM 10 year data retention 

mM Power-on data protection 


* Available in G.I. compatible protocol CAT35C204. 
Also to be offered in a 3-volt version (CAT33C204). 


PIN CONFIGURATION BLOCK DIAGRAM 


TOP VIEW 






Memory Array Address 






256x16 Decoder 


or 
512x8 


| butter 


Mode decode logic 


Clock generator 
DO 


ORG 










Chip select 

Clock input 

Serial data input 

Serial data output 

+5V power supply DI 
Ground 

No connection Cs 
Memory organization 









SK 


Note: When the ORG pin is connected to +5V, 
the 256x16 organization is selected. When itis 
connected to ground, the 512x8 organization is 
selected. If the ORG pin is left unconnected, 
then an internal pullup device will select the 
256x16 organization. 





2-59 


CAT35C104 EEPROM CATALYST 


ABSOLUTE MAXIMUM RATINGS * 


Storage temperature Taig. 6 eee oe ee Ne ed -65°C to +150°C 
Power supply VGC> and os 6 ee ee he eG +7V 

Voltage on any inputpin ww ee ee ee -0.310 +7V 
Voltage on any outputpin ww ww ee -0.3V to Vcc +0.3V 


*Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is 
a stress rating only and the functional operation of the device at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


DC CHARACTERISTICS 
(Vcc = +5V +10%, Ta = 0°C to 70°C ) 


Voc =5.0V, CS =V 
Current consumption (operating) ‘Output ur rintoadad - 


loce2 Current consumption (stand-by) Vec = 5.5V, CS =0 100 yA 
DI =0, SK=0 


rs 
a ee 
Tie | Hester 

| toestioneie | 
[or [Hiieetnmaine [trom | ea 
Ye | tovietoancme [osama | 


INSTRUCTION SET 
Opcode Address Data Comments 
512x8 256 x16 |512x8  256x 16 


Tre faa [a] || Pao mo 
Po fe [ee [ [| ese 
ec 
Peo 
x 
xz 




















Instruction 


= 
i 
ae 
=e 




















OOXXXXXXX | OOXXXXXX re Program disable 
1OXXXXXXX | 1OXXXXXX a ie Erase all addresses 
01XXXXXXX | 01XXXXXX} D7-DO |D15- DO Program all addresses 
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CATALYST EEPROM CAT350104 


AC CHARACTERISTICS 
(Voc = +5V +10%, Ta = 0°C to 70°C ) 


esau 
CS hold time CL = 100pF 

DI VoL = 0.8V, VoH = 2.0 
DI hold time 
Output delay to 1 
| te Output delay to 0 








Limits 
Min. Typ. Max. 


00 











— 










100 


250 


DC MHz 


ae on 
oe) OQ 
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CAT35C104 EEPROM CATALYST 


SYNCHRONOUS TIMINGS 





INSTRUCTION TIMING <WRITE> 
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CATALYST EEPROM CAT35C104 


INSTRUCTION TIMING <EWENS, EWDS> 


aes fs Fi il Pm (Wo Os i ei Cr f(D 
cs i aa, *~\_ STANDBY 


2) oS Geet 6 G'S G'S 'S.6)G |: as 
Enable = 11 256x16 = 6 don’t care clocks 
Disable = 00 512x8 = 7 don’t care clocks 





INSTRUCTION TIMING <ERASE> 


256x16 = 6 don't care clock 


t 
512x8 = 7 don't care clocks ney tHz 
a 
ready! HIGH Z 
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CAT35C104 


INSTRUCTION TIMING <WRAL> 


EEPROM 


CATALYST 


pp ST \8_ 9 °F TN TAIT 7 Z XX] 


256x16 = 6 don’t care clocks 
DO 512x8 = 7 don't care clocks 
oY 





DEVICE OPERATION 


The CAT35C104 is a 4096 bit non-volatile memory 
intended for use with the COPS '™ family of 
microcontrollers, or other standard microproces- 
sors such as the 8048, or 8051. The CAT35C104 
can be organized as either 256 registers by 16 bits, 
or as 512 registers by 8 bits. Seven, 11 bit instruc- 
tions (12 bit instructions in 512 by 8 organization) 
control the reading, writing, and erase operations of 
the device. The CAT35C104 operates on a single 
5 Volt supply and will generate on chip, the high 
voltage required during any programming opera- 
tion. Instructions, addresses, and write data are 
clocked into the DI pin onthe rising edge of the clock 
(SK). The DO pin is normally in a high impedance 
state except when reading data from the device, or 
when checking the busy/ready status after a 
programming operation. The busy/ready status 
can be determined after a programming operation 
by selecting the device and polling the DO pin; DO 
low indicates that the programming operation is not 
completed, while DO high indicates that the device 
is ready. If necessary, the DO pin may be placed 
back into a high impedance state during chip select 
by shifting adummy "1" into the DI pin. The DO will 
enter the high impedance state on the falling edge 
of the clock (SK). Placing the DO pin into the high 
impedance state is recommended in applications 
where the DI pin and and the DO pin are to be tied 
together to form a common DI/O pin. The format 
for all instructions sent to the CAT35C104 is 1 logi- 
cal"1" start bit, a 2 bit (or 4 bit) op code, a 8 bit ad- 
dress (9 bit address when organized as 512 X 8), 
and for write operations a 16 bit data field (8 bit data 
field when organized as 512 X 8). 
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READ 


Upon receiving a READ command and address 
(clocked into the DI pin), the DO pin of the 
CAT35C104 will come out of the high impedance 
state, after sending 1 dummy Zero bit the 16 bits (or 
8 bits) of data located at the address location 
specified in the instruction will be shifting out. The 
data bits being shifted out will toggle on the rising 
edge of the SK clock is stable after the specified 
time delay tppo or tpp1 


ERASE/WRITE ENABLE AND DISABLE 


The CAT35C104 powers up in the programming 
disable state. Any programming after power-up or 
after an EWDS (programming disable) instruction 
must first be preceded by the EWEN (programming 
enable) instruction. Once programming is enabled, 
it will remain enabled until power to the device is 
removed, or the EWDS instruction is sent. The 
EWDS instruction can be used to disable all 
CAT35C104 programming and erasing functions, 
and will prevent any accidental programming or 
erasing of the device. Data can be read normally 
from the CAT35C102 regardless of the program- 
ming enable/disable status. 


ERASE 


Upon receiving an ERASE command and address, 
the CS (chip select) must be deselected for a min- 
imum of 250 ns (Tcsmin). The falling edge of CS 
will start the self clocking erase cycle of the memory 
location specified in the instruction. The clocking 
of the SK pin is not necessary after the device has 
entered the self clocking mode. The BUSY/READY 


CATALYST 


status of the CAT35C104 can be determined by 
selecting the device and polling the DO pin. 


WRITE 


After receiving a WRITE command, address and 
the data, the CS (chip select) must be deselected 
for a minimum of 250 ns (Tcsmin). The falling edge 
of CS will start the self clocking erase and data store 
cycle of the memory location specified in the in- 
struction. The clocking of the SK pin is not neces- 
sary after the device has entered the self clocking 
mode. The BUSY/READY status of the 
CAT35C104 can be determined by selecting the 
device and polling the DO pin. With the 
CAT35C104 it is NOT necessary to erase a 
memory location before the WRITE command. 


ERASE ALL 


Upon receiving an ERASE ALL command, the CS 
(chip select) must be deselected for a minimum of 
250 ns (TcsMIN). The falling edge of CS will start 


EEPROM 


CAT35C104 


the self clocking erase cycle of all memory locations 
in the device. The clocking of the SK pin is not 
necessary after the device has entered the self 
clocking mode. The BUSY/READY status of the 
CAT35C104 can be determined by selecting the 
device and polling the DO pin. 


WRITE ALL 


Upon receiving a WRITE ALL command and data, 
the CS (chip select) must be deselected for a min- 
imum of 250 ns (Tcsmin). The falling edge of CS 
will start the self clocking data write to all memory 
locations in the device. The clocking of the SK pin 
is not necessary after the device has entered the 
self clocking mode. The BUSY/READY status of 
the CAT35C 104 can be determined by selecting the 
device and polling the DO pin. It IS necessary for 
all memory locations to be erased before the 
WRITE ALL command is executed. 


COPS and MICROWIRE are registered trademarks 
of the National Semiconductor Corporation. 
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CATALYST EEPROM CAT28C16A 


CAT28C 16A, CAT28C 16AI [Industrial Temperature] 
2Kx8 BIT CMOS EEPROM 


DESCRIPTION FEATURES 


The CAT28C16A is a fast, low power, 5V-only =‘ Access time - 150 ns. and 200 ns. 
CMOS EEPROM reauiring a simple interface forin- Mf Low CMOS power: 


system programming. aD List ee 


On-chip address and data latches, self-timed write  ™% 5V-only operation — 
cycle with auto-erase and Vcc power up/down write M@ Simple write operation: 





protection eliminate additional timing and protec- On-chip address and data latches 
tion hardware. Data polling is provided to allow the Self-timed write cycle with auto-erase 
user to minimize write cycle time. Data polling 


Power up/down write protection 


The CAT28C16A is fabricated in reliable floating lM Fast write cycle time | 
gate CMOS technology. It is designed for up 10 ms max byte write, 5 ms available 
to10,000 write cycles and 10 years data retention. Mf Reliable floating gate CMOS technology 


Mm JEDEC approved 24 pin DIP,Small Outline, 
and 32 pin PLCC packages available. 
PIN CONFIGURATION 
PIN CONFIGURATION 24-Pin DIP, and S.O. PIN CONFIGURATION 32-Pin PLCC 


TOP VIEW 
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CAT28C16A EEPROM CATALYST 


BLOCK DIAGRAM 


X - Buffers 16,384-Bit 
Latches EEPROM 
and Decoder Array 


Ao - Ato 
Address 
Inputs 


Y - Buffers (/O Buffers 


Latches 
and Decoder 


and Latches 


Control Logic \ / 
I/Oo - 1/07 
Data inputs/outputs 





PIN NAMES 


Ao - Aio Address inputs 

I/Oo - 1/07 Data inputs/outputs 
CE Chip enable 

OE Output enable 

WE Write enable 

Voc +5V 

Vss Ground 





CAPACITANCE 
(T, = 25°C, f = 1.0 MHz, V.. = SV) 


Symbol Parameter Conditions Limits | 
— max. 


ar | wetewmine wer 


Note: These parameters are periodically sampled and are not 100% tested. 













2-68 


CATALYST EEPROM CAT28C16A 


ABSOLUTE MAXIMUM RATINGS * 


Temperature underbias www ee ee ee -40°C to +85°C 
Storagetemperature ee -65°C to +150°C 
Voltage on any input pin relative to Vss ............-0.-. -0.5 to +7V 
Voltage on any output pinrelativeto Vss_ .............. -0.5 to Voc +0.5V 
D.C.outputcurrent 2... .. eee eee eee eee 5mA 


*Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is 
a stress rating only and the functional operation of the device at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


DC CHARACTERISTICS 
(Vcc = +5V 10%, CAT2816A Ta = 0°C to +70°C, CAT2816Al Ta = -40°C to +85°C ) 





All I/O's open 


Isec Voc current (stand-by, CMOS) CE=Vinc* 
All I/O's open 


Input leakage current Vin = GND to Vcc 


ILo Output leakage current Vout = GND to Vcc, 
CE = Vi 














VIH High level input voltage LC 
Low level input voltage 











— 
[we [vesting we pomanf 


Note: 
* Vitc = -0.3V to +0.3V 
** Vinc = Vcc - 0.3V to Vcc + 1.0V 
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CAT28C16A EEPROM CATALYST 


MODE SELECTION 


semi [oe 
Standby and write 
inhibit 


CE 
L 
L 
X 
X 








a 


AC CHARACTERISTICS <Read Cycle> 
CAT2816A Ta = 0°C to +70°C, CAT2816Al Ta = -40°C to +85°C, Voc = +5V +10% 


Min. Max. Min. 
ee ce 








0 


CE low to active output 


CE high to high Z output 
OE high to high Z output | 10 
Output hold from address change | 20 | 


OE low to active output 
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CATALYST EEPROM CAT28C16A 


AC CHARACTERISTICS <Write Cycle> 
(CAT2816A Ta = 0°C to +70°C, CAT2816Al Ta = -40°C to +85°C, Voc = +5V +10%) 


Min Max Min Max 
Two | wings : 
te | Meessouptne 
70 





= 
Te 

[Wists 

[wstastne 
ee 
Toss | SEsou ine SEvosinwe =i 
a 







ee ce 

Data hold time a0" 

Write inhibit period after power-up | 5 
NOTE: * A wri 


:“ Awrite pulse of less than 20ns duration will not initiate a write cycle. 


TIMING <Read Cycle> 


ADDRESS 


: / 
Hee ( 


tonz 


tou 
t 
be a (//1), 
t A 


A 
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CAT28C16A EEPROM CATALYST 


TIMING <WE Controlled Write Cycle> 


ADDRESS 


-NZZTT] 


OEH 


WZZ] 
slice © 5) GE. OD, TY aE | 


tos ton 





TIMING <CE Controlled Write Cycle> 


twe 


To 


“AZT TTT 


DATA OUT 


| —_____— 
TT Ko KT TTT TTD 


tos 





CATALYST 


PIN DESCRIPTION 
ADDRESSES (Ao-A10) 


The Address inputs are used to select an 8-bit 
memory location during read and write cycles. 


CHIP ENABLE (CE) 


The Chip Enable input must be held LOW to enable 
read and write cycles. When CE is held HIGH, the 
device is deselected and power consumption is 
reduced to the standby level. 


OUTPUT ENABLE ( OE) 


The Output Enable input, in conjunction with CE, 
determines whether the device outputs are high im- 
pedance, or output data during a read cycle. 


DATA IN/DATA OUT (I/Oo-I/O7) 


Data is output to the I/O pins during a read cycle, 
and written into the device from the I/O pins during 
a write cycle. 


WRITE ENABLE ( WE) 


The Write Enable input, in conjunction with CE and 
OE, initiates a write cycle. 


DEVICE OPERATION 
READ 


Device data is output to the data bus when both OE 
and CE are LOW. The data bus is high impedance 
when either CE or OE go HIGH. This 2-line control 
architecture can be used to eliminate bus conten- 
tion in a system environment. 


BYTE WRITE 


A write cycle is initiated when both CE and WE are 
LOW and OE is HIGH. Both CE and WE control- 
led write cycles can be executed, i.e., the address 
is latched on the falling edge of either CE or WE, 
whichever occurs last, while data is latched on the 
rising edge of either CE or WE, whichever occurs 
first. Once initiated, a byte write cycle automatical- 
ly erases the addressed byte and times itself to 
completion. 


EEPROM 





CAT28C16A 


DATA POLLING 


Data polling is provided to indicate the completion 
of a byte write cycle. Once a byte write cycle is in- 
itiated, attempting to read the last byte written will 
output the complement of that data on 1/O7 (I/Oo- 
I/Og are indeterminate) until the programming cycle 
is complete. Upon completion of the self-timed byte 
write cycle all l/Os will output true data during a read 
cycle. 


FALSE WRITE PROTECTION 


(Il) The CAT28C16A has an on-chip Vcc sense cir- 
cuit which disables the internal write circuitry when- 
ever Vcc is less than 3.0V. 


(2) During power-up, write operations are inhibited 
for 5ms to 20ms after Vcc reaches 3.0V. Read 
cycles are not affected during this initialization 
period. 


(3) Write cycles are inhibited if OE is LOW, or CE 
or WE are HIGH. 


(4) A write pulse of less than 20ns duration will not 
initiate a write cycle. 


CHIP ERASE 


The entire memory can be set to 1’s by setting CE 
LOW, OE to 12V, and pulsing WE LOW for 10ms. 


VIH 


Vit 


ts = 1s 
tH = Ips 
tw =10ms 
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CATALYST EEPROM CAT28C017A 


CAT28C 17A, CAT28CI17AI [Industrial Temperature] 
2Kx8 BIT CMOS EEPROM 


DESCRIPTION FEATURES 


The CAT28C17A is a fast, low power, 5V-only M Access time - 150 We and 200 ns. 
CMOS EEPROM reauiring a simple interface for in- m Low CMOS power: 


system programming. Mehra ee 


On-chip address and data latches, self-timed write ™@ 5V-only operation — 
cycle with auto-erase and Vcc power up/down write m= = Simple write operation: 





protection eliminate additional timing and _protec- On-chip address and data latches 
tion hardware. Data polling and a RDY/BUSY pin Self-timed write cycle with auto-erase 
are provided to allow the user to minimize write Data polling , 
cycle time. Power up/down write protection 
m@ Fast write cycle time 
The CAT28C17A is fabricated in reliable floating 10 ms max. byte write, 5 ms available 
gate CMOS technology. It is designed for up MM Reliable floating gate CMOS technology _ 
to10,000 write cycles and 10 years dataretention. Mf JEDEC approved 28 pin DIP,Small Outline, 
and 32 pin PLCC packages available. 
PIN CONFIGURATION 
PIN CONFIGURATION 28-Pin DIP, and S.O. PIN CONFIGURATION 32-Pin PLCC 


TOP VIEW 


{ 
2 
3 
4 
5 
6 
7 
8 
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CAT28C017A EEPROM CATALYST 


BLOCK DIAGRAM 


X - Buffers 16,384-Bit 
Latches EEPROM 
and Decoder Array 


Ao - Aio 
Address 
Inputs 


Y - Buffers 
Latches 
and Decoder 


I/O Buffers 
and Latches 


Control Logic \ / 
I/Oo - /O7 
Data inputs/outputs 


RDY/BUSY 





PIN NAMES 


Ao - Aio Address inputs 

I/Oo - 1/07 Data inputs/outputs 
CE Chip enable 

OE Output enable 

WE Write enable 
RDY/BUSY Ready/Busy indicator 
Vec +5V 

Vss Ground 





CAPACITANCE 
(T, = 25°C, f = 1.0 MHz, V. = SV) 


Symbol Parameter | Conditions Limits 
Typ. max. 
InpuvOutput capacitance 
| cw | tnputcapacince | wey 


Note: These parameters are periodically sampled and are not 100% tested. 
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CATALYST EEPROM CAT28C17A 


ABSOLUTE MAXIMUM RATINGS * 


Temperature underbias www ee -40°C to +85°C 
Storagetemperature i -65°C to +150°C 
Voltage on any input pin relative toVss ...........2.+6- -0.5 to +7V 
Voltage on any output pinrelativeto Vss ...........200- -0.5 to Vcc +0.5V 
DiGvOUIDULCUITOENE: 0 eg aes eh a ee ee 5mA 


*Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is 
a stress rating only and the functional operation of the device at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 





DC CHARACTERISTICS 
(Voc = +5V 10%, CAT28C17A Ta = 0°C to +70°C, CAT28C17Al Ta = -40°C to +85°C ) 


Symbol Parameter Conditions 
Min. 
loc Vcc current (operating, TTL) CE=OE=Vi, f=6.7MHz, 
all I/O’s = open 
locc Vcc current (operating, CMOS) E=OE=Vicr, f=6.7MHz, 
all I/O’s = open 
Vcc current (stand-by, TTL) CE=Vin 
All I/O’s open 
Isac Voc current (stand-by, CMOS) CE=Vinc* 
All I/O’s open 


Input leakage current Vin = GND to Vcc 


Output leakage current Vout = GND to Vcc, 
CE = Vin 


High level input voltage 


High level output voltage loH = -400uA 
Low level output voltage lo. = 2.1mA 
Vcc trip voltage for write protection Pee 3.0 





ie 
Low level input voltage Lo 


Note: 
* Vitc = -0.3V to +0.3V 
** Vinc = Voc - 0.3V to Vcc + 1.0V 


CAT28C17A EEPROM CATALYST 


MODE SELECTION 


soe ™ 


Standby and write ) STANDBY 
inhibit 














a 


AC CHARACTERISTICS <Read Cycle> 
CAT28C17A Ta =0°C to +70°C, CAT28C17Al Ta = -40°C to +85°C, Voc = +5V +10% 


Min Max Min Max 
| me | Readeydetme | tm || 
| tee | ceeccessme | mT 
| ta | Aderessaccesstme =| 
a 
a |eetovwatiecam | [| 

pot | 
0 | so | 0 
| | © | 0 | & 
Ems 
















a 
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CATALYST EEPROM CAT28C17A 


AC CHARACTERISTICS <Write Cycle> 
(CAT28C17A Ta = 0°C to +70°C, CAT28C17Al Ta = -40°C to +85°C, Voc = +5V +10%) 


Parameter 280 17A-15 28C17A-20 
Min Min Max 








Write cycle time 
Address setup time 
Address hold time 
Write setup time 


Write hold time 






CE pulse time 


OE setup time, OE hold time 
WE pulse width 


to. Data latch time 


Data setup time 


| ton Data hold time 
Write inhibit period after power-up 


Time to device busy 


ood, 
ba | 
oO 








NOTE: * A write pulse of less than 20ns duration will not initiate a write cycle. 


TIMING <Read Cycle> 


ADDRESS 


tonz 


i / 
aoe ( 
ton 
t 


= tuz 
orn 0 ///) 
A 


A 
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CAT28C17A EEPROM CATALYST 


TIMING <WE Controlled Write Cycle> 


twe 


= a naa CE ca (30) Satiy Sa a 


is a a a ae 


2 cea a a a 


OEH 


WZ 


tot 


RDY/BUSY (aes | i a 
on ——TT TDK OK TT TTT TD 


lps 





TIMING <CE Controlled Write Cycle> 


twe 


pooress Kd OK LD 
‘a ‘7 JZ y 
ef 


pe a 


TAY T TT 
a — a 
DATA IN «a et eae em TID 


tou 


RDY/BUSY 


tos 
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CATALYST EEPROM CAT28C17A 
PIN DESCRIPTIONS DATA POLLING 
ADDRESSES (Ao-A10) Data polling is provided to indicate the completion 


The Address inputs are used to select an 8-bit 
memory location during read and write cycles. 


CHIP ENABLE ( CE ) 

The Chip Enable input must be held LOW to enable 
read and write cycles. When CE is held HIGH, the 
device is deselected and power consumption is 
reduced to the standby level. 


OUTPUT ENABLE ( OE ) 


The Output Enable input, in conjunction with CE, 
determines whether the device outputs are high im- 
pedance, or output data during a read cycle. 


DATA IN/DATA OUT (I/Oo-1/07) 

Data is output to the I/O pins during a read cycle, 
and written into the device from the I/O pins during 
a write cycle. 


WRITE ENABLE ( WE ) 


The Write Enable input, in conjunction with CE and 
OE, initiates a write cycle. 


READ/BUSY ( RDY/BUSY ) 

The RDY/BUSY pin is an open drain output which 
indicates device status during programming. This 
output is pulled low during the write cycle and 
released at the end of programming., Several 
devices may be OR-tyed to the same RDY/BUSY 
line. 


DEVICE OPERATION 


READ 

Device data is output to the data bus when both OE 
and CE are LOW. The data bus is high impedance 
when either CE or OE go HIGH. This 2-line control 
architecture can be used to eliminate bus conten- 
tion in a system environment. 


BYTE WRITE 

A write cycle is initiated when both CE and WE are 
LOW and OE is HIGH. Both CE and WE control- 
led write cycles can be executed, i.e., the address 
is latched on the falling edge of either CE or WE, 
whichever occurs last, while data is latched on the 
rising edge of either CE or WE, whichever occurs 
first. Once initiated, a byte write cycle automatical- 
ly erases the addressed byte and times itself to 
completion. 





of a byte write cycle. Once a byte write cycle is in- 
itiated, attempting to read the last byte written will 
output the complement of that data on 1/07 (I/Oo- 
I/Og¢ are indeterminate) until the programming cycle 
is complete. Upon completion of the self-timed byte 
write cycle all I/Os will output true data during aread 
cycle. 


FALSE WRITE PROTECTION 

(l) The CAT28C17A has an on-chip Vcc sense cir- 
cuit which disables the internal write circuitry when- 
ever Vcc is less than 3.0V. 


(2) During power-up, write operations are inhibited 
for 5ms to 20ms after Vcc reaches 3.0V. Read 
cycles are not affected during this initialization 
period. 


(3) Write cycles are inhibited if OE is LOW, or CE 
or WE are HIGH. 


(4) A write pulse of less than 20ns duration will not 
initiate a write cycle. 


CHIP ERASE 


The entire memory can be set to 1’s by setting CE 
LOW, OE to 12V, and pulsing WE LOW for 10ms. 


ViH 


ViL 


ts = 1ys 
tH = 1s 
tw = 10ms 
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CATALYST EEPROM CAT28C64A 


CAT28C64A 
8K x 8 BIT CMOS EEPROM 


DESCRIPTION FEATURES 


The CAT28C64A is a fast, low power, 5V-only Mm Fast read access time: 150ns/200ns/250ns 
CMOS EEPROM requiring a simple interface forin- ™% Low CMOS power: 





system programming. | Active 30 mA max., Standby 100nA 
max. 

On-chip address and data latches, self-timed write Mf 5V-only operation 

cycle with auto-erase and Vcc power up/down write @ Simple write operation: 

protection eliminate additional timing and protec- On-chip address and data latches 

tion hardware. Data polling is provided to allow the Self-timed write cycle with auto-erase 

user to minimize write cycle time. Page write mode Data polling 

reduces programming time. mm Power up/down and software write protection 
mM Fast nonvolatile write cycle: 5 ms max. 

The CAT28C64A is fabricated in reliable floating MM Automatic page write: 1 to 32 bytes in5 ms 

gate CMOS technology. It is designed for up MM TTLcompatible I/O 

to10,000 write cycles and 10 years data retention. Mm JEDEC approved 28 pin DIP,Small Outline, 

and 32 pin PLCC packages available. 

mM 10,000 rewrites/byte, 10 year data retention 
Mm Effective byte-write cycle of 156 us./byte 

PIN CONFIGURATION 

PIN CONFIGURATION 28-Pin DIP, and S.O. PIN CONFIGURATION 32-Pin PLCC 


TOP VIEW 


{ 
2 

3° 
4 

5 

6 

7 

8 TOP VIEW 
9 
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CAT28C64A EEPROM CATALYST 


BLOCK DIAGRAM 


AddressBuffers Row decoder 65,536-Bit 
and Latches EEPROM 
Array 


Inadvertent 
Write High voltage 


Protection Generator : | 
32 Byte page 
Control Logic register 


DATA polling 
and l/O Buffers 


R/B LOGIC 


Address 


and Latches Decoder \ y, 


Oo - O07 





PIN NAMES 


Ao - Ai2 Address inputs 

I/Oo - VO7 Data inputs/outputs 
CE Chip enable 

OE Output enable 

WE Write enable 

Vcc +5V 

Vss Ground 





CAPACITANCE 
(T, = 25°C, f = 1.0 MHz, V, = 5V) 


Symbol Parameter Conditions Limits 
Typ. max. 
InpuvOutpu capacitance 
| Gw _| imputespactence | roy TF 


Note: These parameters are periodically sampled and are not 100% tested. 
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CATALYST EEPROM CAT28C64A 


ABSOLUTE MAXIMUM RATINGS * 


Temperatureunderbias ww ee -10°C to +85°C 
Storagetemperature i ee -65°C to +150°C 
Voltage on any input pin relativeto Vss ...........-+.-.4- -0.5 to +7V 
Voltage on any output pin relative to Vsgs ..........-000- -0.5 to Vcc +0.5V 
D:GeOUIDULCUITOME § i hw ee We See 5mA 


*Stresses above those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. This is 
a stress rating only and the functional operation of the device at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


DC CHARACTERISTICS 
(Voc = +5V +10%, Ta = 0°C to 70°C ) 


Symbol Parameter Conditions ae 
Max. 
Vcc current (operating, TTL) CE=OE=ViL, f=6.7MHz, 
all I/O's = open 
locc Vcc current (operating, CMOS) E=OE=Vi.c:, f=6.7MHz, 
all I/O’s = open 
Vcc current (stand-by, TTL) CE=Vin 
All I/O’s open 
Ispc Vcc current (stand-by, CMOS) CE=Vinc* 
All I/O’s open 
lu 


Input leakage current Vin = GND to Vcc 


Output leakage current Vout = GND to Vcc, 
CE =Vin 


















a 
[| evens 


Note: 
* Vitc = -0.3V to +0.3V 
** Vic = Vcc - 0.3V to Vcc + 1.0V 
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CAT28C64A EEPROM — CATALYST 


MODE SELECTION 


Rell Gl ll 


ae 
ee 


ACTIVE 
Standby, and Write inhibit STANDBY 
Read and Write inhibit 














ACTIVE 


AC CHARACTERISTICS - TEST CONDITIONS 


AC CHARACTERISTICS <Read Cycle> 
Ta =0°C to +70°C, Voc = +5V+10% 


= eae 
Min. Max.|Min. Max.|Min. Max. 

[te | Reatoeive «me fame] fem |e 

[ee | ceecnsine «|i ] fame] fee] 

Pie | Aitecaconsine | fee] fame] fam 

[re [ fee | fee | 

eo] jot | lm 

= . 

a 

pe 

[om 












oO 


<a a 
| eetwatneomn Sid 

a 
se | cenmonnzome —_———~=«dt of fo ww] 
ez | cenmenn zone «do fo | 0 | s5 | 0 
or | cmntitenaaienaone =| [=| [= 


=) 
oO}; © 


Oo 
ie) 
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CATALYST EEPROM CAT28C64A 


AC CHARACTERISTICS <Write Cycle> 
(Ta = 0° to 70°C, Voc = +5V 10% 





Parameter 


Write cycle time - 
tAH 










ee ee 
oA aine 
[winssupine dO 
[wisiotine dO 
Tes | Sesewwine SSC«d 
ee [time Cd 
Tes | Winewas =i 
Te onthe id 
Te | oenscinine id 
To [bate id 
[er [ imtoo +f 
| Tawwsienny | 
| Paeasine dCi 


NOTE: * A write pulse of less than 20ns duration will not initiate a write cycle. 


és) 
© 


TIMING <Read Cycle> 


ADDRESS 


; 
ton tonz 


t 
on = 11), 
AA 


t 
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CAT28C64A EEPROM CATALYST 


TIMING <WE Controlled Write Cycle> 


twe 


aes Br Ff a A a ae ae, 


hal ae ak 


_NZZTT] 


OEH 


saws, 
mm TTT DK mm KX TTT TTT 





TIMING <CE Controlled Write Cycle> 


two 


Tas 
ToL 


| ZIT hf 
Rwaee a 


a AA | 


DATA OUT 


/}--—_——__—— 
™" TTD KET TTD 


lps 
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CATALYST 


PIN DESCRIPTION 
ADDRESSES (Ao-A12) 


The Address inputs are used to select an 8-bit 
memory location during read and write cycles. 


CHIP ENABLE ( CE ) 


The Chip Enable input must be held LOW to enable 
read and write cycles. When CE is held HIGH, the 
device is deselected and power consumption is 
reduced to the standby level. 


OUTPUT ENABLE ( OE ) 


The Output Enable input, in conjunction with CE, 
determines whether the device outputs are high im- 
pedance, or output data during a read cycle. 


DATA IN/DATA OUT (I/Oo-1/07) 


Data is output to the I/O pins during a read cycle, 
and written into the device from the I/O pins during 
a write cycle. 


WRITE ENABLE ( WE ) 


The Write Enable input, in conjunction with CE and 
OE, initiates a write cycle. 


DEVICE OPERATION 
READ 


Device data is output to the data bus when both OE 


and CE are LOW. The data bus is high impedance 
when either CE or OE go HIGH. This 2-line control 
architecture can be used to eliminate bus conten- 
tion in asystem environment. 


BYTE WRITE 

A write cycle is initiated when both CE and WE are 
LOW and OE is HIGH. Both CE and WE control- 
led write cycles can be executed, i.e., the address 
is latched on the falling edge of either CE or WE, 
whichever occurs last, while data is latched on the 
rising edge of either CE or WE, whichever occurs 
first. Once initiated, a byte write cycle automatical- 
ly erases the addressed byte and times itself to 
completion. 


PAGE WRITE 

The CAT28C64A contains a 32 byte temporary 
buffer which allows programming of 1 to 32 bytes 
on a single 5ms nonvolatile write cycle, which can 


EEPROM 


CAT28C64A 


effectively reduce programming time by a factor of 
32. The 32 byte page into which the data will be writ- 
ten is specified by the addresses As - A12 during the 
first system write operation following the completion 
of a previous nonvolatile write cycle. The byte 
within the specified page is identified by the addres- 
ses Apo - Aq during the first and subsequent system 
write cycles. Bytes can be written into the page in 
any order. Each successive byte load cycle, 
started by WE HIGH to LOWtransition, must begin 
within 30 ps of the rising edge of the preceding WE. 
If a subsequent WE HIGH to LOW transition is not 
detected within 30 us, the internal automatic 
programming cycle will commence. There is no 
page write window limitation. The page window is 
infinitely wide so long as the host continues to ac- 
cess the device within the byte load cycle time of 
30 Us. 


DATA POLLING 

Data polling is provided to indicate the completion 
of a byte write cycle. Once a byte write cycle is in- 
itiated, attempting to read the last byte written will 
output the complement of that data on 1/O7 (I/Oo- 
I/Og are indeterminate) until the programming cycle 
is complete. Upon completion of the self-timed byte 
write cycle all I/Os willoutput true data during aread 
cycle. 


FALSE WRITE PROTECTION 

(I) The CAT28C64A has an on-chip Vcc sense cir- 
cuit which disables the internal write circuitry when- 
ever Vcc is less than 3.0V. 


(2) During power-up, write operations are inhibited 
for 5ms to 20ms after Vcc reaches 3.0V. Read 
cycles are not affected during this initialization 
period. 


(3) Write cycles are inhibited if OE is LOW, or CE 
or WE are HIGH. 


(4) A write pulse of less than 20ns duration will not 
initiate a write cycle. 
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CAT28C64A EEPROM CATALYST 


PAGE MODE WRITE CYCLE 


two 


(/p_—_ X__X_ st arte 


BYTEn BYTE n +1 BYTEn +2 





CATALYST EEPROM CAT28C256 


CAT28C256 


32K x 8 BIT CMOS EEPROM Preliminary 
DESCRIPTION FEATURES 


The CAT28C256 is a fast, low power, 5V-only mM Fast read access time: 150ns/200ns/250ns 
CMOS EEPROM requiring a simple interface forin- ™% Low CMOS power: 





system programming. Active 30 mA max., Standby 100uA 
max. 
On-chip address and data latches, self-timed write Mf 5V-only operation 
cycle with auto-erase and Vcc power up/downwrite Mf Simple write operation: 
protection eliminate additional timing and protec- On-chip address and data latches 
tion hardware. Data polling is provided to allow the Self-timed write cycle with auto-erase 
user to minimize write cycle time. Page write mode Data polling 
reduces programming time. mM Power up/down and software write protection 
mM Fast nonvolatile write cycle: 5 ms max. 
The CAT28C256 is fabricated in reliable floating mM Automatic page write: 1 to 32 bytes in5 ms 
gate CMOS technology. It is designed for up m TTL compatible /O 
to10,000 write cycles and 10 years data retention. m JEDEC approved 28 pin DIP,Small Outline, 
and 32 pin PLCC packages available. 
mM 10,000 rewrites/byte, 10 year data retention 
PIN CONFIGURATION 
PIN CONFIGURATION 28-Pin DIP, and S.O. PIN CONFIGURATION 32-Pin PLCC 


TOP VIEW 


TOP VIEW 


4 
2 
3 
4 
5 
6 
7 
8 
9 
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EPROMS 


EPROMs 
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CATALYST 


CAT2764A OTP 


OTPROM 


CAT2764A 


8,196 x 8-BIT ONE-TIME PROGRAMMABLE ROM 


DESCRIPTION 


The CAT2764A is a 8,192 X 8-bit One Time 
Programmable Read Only Memory (OTPROM). It 
is offered in a plastic package, ideally suited for high 
volume production. The fast access time of the 
CAT2764A allows it to be used in systems that util- 
ize high performance microprocessors with no 


FEATURES 


m 5V single power supply 

m 8,192 words x 8-bit configuration 

m Access time: 
150 ns. max. (CAT2764A-15) 
200 ns. max. (CAT2764A-20) 
250 ns. max. (CAT2764A-25) 


WAIT states. Two control lines eliminate bus con- ™ Power consumption: . 

tention in multiple bus microprocessor systems. 525 mW max. (read operation) 

The CAT2764A is manufactured using N-channel 184 mW (max. during stand-by) 

dual-poly silicon gate MOS technology andsupplied ™@ Fully static operation 

in a 28-pin JEDEC approved package. m = TTL compatible Input/Output 
(3-state output) 

PIN CONFIGURATION BLOCK DIAGRAM 


TOP VIEW 


= 


2 
4 
1 4 
1 5 
6 
7 
8 
9 


Memory matrix 
8192 x 8-bit 


This specification may be changed without notification. 








CAT2764A OTPROM CATALYST 


FUNCTION TABLE 


CE OE PGM Vpp Vcc 
(20) (22) (27) (1) (28) 
ae 
















Program inhibit +12.5V High impedance 


The “-" means the value can be either Vi or Vin 





ABSOLUTE MAXIMUM RATINGS 


Temperature under bias WA: At bore oo on 0°C~70°C 
Storage temperature ESI ae dito: Siete -55°C~ 125°C 
All input/output voltages Vin, VoUT .......-- -0.6~ 13.5 V 
Vcc supply voltage VGC. ehh BSS es -0.6V~7V 
Program Voltage VPP vie he. he dew -0.6~14V 
Power assembly voltage PDs. oak eee & ee a 1.5 W 


(Voltages with respect to ground) 


*Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and the functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 


CATALYST OTPROM CAT2764A 


DC CHARACTERISTICS <Read Operation> 
(Vcc = 5V + 5%, Vpp = Vcc, voltages with respect to ground, Ta = 0°C ~ 70°C) 


Parameter Conditions Limits 
Min. Typ. Max. 


reiaeeee [ewan —f- 
—asonneare | —ver=saw [| 
lec CE = Vin, outputs unloaded ie) 
loca CE = Vi, outputs unloaded Le we 
Ee 
= 
z= 
as 





Symbol 







ILI 
ILo 






Vin Input voltage "H" level 


VoH Output voltage "H" level loH = -400pA ee] 
VoL Output voltage "L" level loL = 2.1mA Reo 


AC CHARACTERISTICS <Read Operation> 
(Vcc = 5V + 5%, Vpp = Voc, PGM = Vin, Ta = 0°C ~ 70°C) 


2764A-15 | 2764A-20 | 2764A-25 
Min. Max. | Min. Max. | Min. Max. 
= | Saeie [Oe |= | 
ee 

Output disable time | CE=v | 0 | 50 | 


















Symbol 





CE 
{DF 


38 
Oo 
oma, 
© 
O 





Address < Addresses Valid 


‘CE 
'DF 
. ‘OE 
High Z CELE G Valid Output >)p High Z 


tacc 
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CAT2764A OTPROM CATALYST 


DC CHARACTERISTICS <Programming Operation> 
(Vec = 5.75 -6.5V, Vpp= 12.5V+0.5V, Ta =25°C +5°C) 


bd a el Pe 
Min. Typ. Max. 
OO 
Os 
ee | vecronrcome PP | 
SN 
a a i A ee 

ae 

ma t..3 












< 


Input voltage "L" level 
Output voltage "H" level loH = -400pA Le 
Output voltage "L" level lo. = 2.1mA 


< 


AC CHARACTERISTICS <Programming Operation> 
(Vcc = 5.75 -6.5V, Vpp= 12.5V+0.5V, Ta= 25°C +5°C) 


float delay 


Vpp and Vcc power set-up times 


PGM initial program pulse width Vcc = 6V +0.25V 


High-speed initial program Vcc = 6.25V +0.25V 
pulse width 
| topw PGM overprogram pulse width Vcc = 6V +0.25V 
[tes | CEstwtime | 





| toe Data valid from OE 
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CATALYST 


TIMING <Programming Operation> 


Program 


Address 


4 


6.25/6.0V (1) 
Vcc 5V 


OTPROM 


CAT2764A 


Verify 
/ 
/ 
t 
/ AH 
Data output 
/ 


t DFP 


(1) Note: VCC = 6.25 V +0.25V for Quick Pulse Programming™, 6.0V + 0.25V for Intelligent Programming™. 


Programming Mode 


As shipped, all bits of the OTPROM are in the logic 
one state. The device is programmed by selective- 
ly writing logic zeros into the desired bit locations. 
To enter the programming mode, Vcc and Vpp must 
be adjusted to their programming levels, the device 
must be selected (CE = ViL), outputs are disabled 
(OE = Vin), and a program write pulse must be ap- 
plied to the PGM pin. Afterthe program write pulse, 





the programmed data may be verified by enabling 
the outputs (OE =Vi_) and comparing the written 
data to the read data. This device is compatible 
with the Intelligent Programming ™ algorithm, and 
the Quick Pulse Programming ™ algorithm. Intel- 
ligent Programming and Quick Pulse Programming 
are registered trademarks of Intel Corp. [9/87] 


Caution: exceeding 14V on Vpp will permanently damage the device. 
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CATALYST 


CAT27128A OTP 


OTPROM 


CAT27128A 


16,384 x 8-BIT ONE-TIME PROGRAMMABLE ROM 


DESCRIPTION 


The CAT27128A is a 16,384 X 8-bit One Time 
Programmable Read Only Memory (OTPROM). It 
is offered in a plastic package, ideally suited for high 
volume production. The fast access time of the 
CAT27128A allows it to be used in systems that util- 
ize high performance microprocessors with no 
WAIT states. Two control lines eliminate bus con- 
tention in multiple bus microprocessor systems. 
The CAT27128A is manufactured using N-channel 
dual-poly silicon gate MOS technology and supplied 
in a 28-pin JEDEC approved package. 


PIN CONFIGURATION 


TOP VIEW 








FEATURES 


m 5V single power supply 
m 16,384 words x 8-bit configuration 
m Access time: 
150 ns. max. (CAT27128A-15) 
200 ns. max. (CAT27128A-20) 
250 ns. max. (CAT27128A-25) 
m Power consumption: 
525 mW max. (read operation) 
184 mW (max. during stand-by) 
m Fully static operation 
m TTLcompatible Input/Output 
(3-state output) 


BLOCK DIAGRAM 


Memory matrix 
16,384 x 8-bit 


This specification may be changed without notification. 
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CAT27128A OTPROM CATALYST 


FUNCTION TABLE 


CE OE PGM Vpp Vcc 
(20) (22) (27) (1) (28) 

ream [we wee [wey av [oe 
Program inhibit a +12.5V High impedance 


The "-" means the value can be either Vit or Vin 












ABSOLUTE MAXIMUM RATINGS 


Temperature under bias TA in ee tere eee eee 0°C~70°C 
Storage temperature SiGe dese cr eses8 ok -55°C~125°C 
All input/output voltages Vin, VouT ........- -0.6~13.5V 
Vcc supply voltage NOG oe 2 BO ea -0.6V~7V 
Program Voltage NPP 2 acatcer ante Sraree & -0.6~14V 
Power assembly voltage PD cw Ad ont Ge ks ene A 1.5W 


(Voltages with respect to ground) 


“Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and the functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 
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CATALYST OTPROM CAT27128A 


DC CHARACTERISTICS <Read Operation> 
(Vcc = 5V + 5%, Vpp = Vcc voltages with respect to ground, Ta = 0°C ~ 70°C) 


Input voltage "H" level 
VIL Input voltage "L" level 


VoH Output voltage "H" level 





VoL Output voltage "L" level 





AC CHARACTERISTICS <Read Operation> 
(Voc = 5V + 5%, Vpp = Voc, PGM = Vin, Ta = 0°C ~ 70°C) 


27128A-15 27128A-20 
Min. Max. 


tce 


tpF 


tacc 
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CAT27128A _  OTPROM CATALYST 


DC CHARACTERISTICS <Programming Operation> 
(Voc = 5.75 -6.5V, Vpp= 12.5V+0.5V, Ta = 25°C +5°C) 


CE = PGM= Vi 
a 












Input voltage "L" level 


Output voltage "H" level loH = -400ynA 
Output voltage "L" level lol = 2.1mA 





AC CHARACTERISTICS <Programming Operation> 
(Vcc = 5.75 - 6.5V, Vpp= 12.5V+0.5V, Ta = 25°C +5°C) 


Symbol Parameter Conditions ag 
Max. 






& 


% 


float delay 
2. 


ic width 
————— 


Badal 


Bo <= m 
172] 
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CATALYST 


TIMING <Programming Operation> 


Program 


(| Address N 


<< 
———— 


Address 


6.25/6.0V (1) 
Vec 5V 


OTPROM 


CAT27128A 


TAH 


(1) Note: VCC = 6.25 V +0.25V for Quick Pulse Programming™, 6.0V + 0.25V for Intelligent Programming™. 


Programming Mode 


As shipped, all bits of the OTPROM are in the logic 
one state. The device is programmed by selec- 
tively writing logic zeros into the desired bit loca- 
tions. To enter the programming mode, Vcc and 
Vpp must be adjusted to their programming levels, 
the device must be selected (CE = Vi), outputs are 
disabled (OE = Vin), and a program write pulse 
must be applied to the PGM pin. After the program 





write pulse, the programmed data may be verified 
by enabling the outputs (OE =Vi_L) and comparing 
the written data to the read data. This device is 
compatible with the Intelligent Programming ™ al- 
gorithm, and the Quick Pulse Programming ™ algo- 
rithm. Intelligent Programming and Quick Pulse 
Programming are registered trademarks of Intel 
Corp. [9/87] 


Caution: Exceeding 14V on Vpp will permanently damage the device. 
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CATALYST 


CAT272356 OTP 


OTPROM 


CAT27256 


32,768 x 8-BIT ONE-TIME PROGRAMMABLE ROM 


DESCRIPTION 


The CAT27256 is a 32,768 X 8-bit One Time 
Programmable Read Only Memory (OTPROM). It 
is offered in a plastic package, ideally suited for high 
volume production. The fast access time of the 
CAT27256 allows it to be used in systems that util- 
ize high performance microprocessors with no 
WAIT states. Two control lines eliminate bus con- 
tention in multiple bus microprocessor systems. 
The CAT27256 is manufactured using N-channel 
dual-poly silicon gate MOS technology and supplied 
in a 28-pin JEDEC-approved package. 


PIN CONFIGURATION 


TOP VIEW 


, 
2 
j 3 
1 4 
5 
6 
7 
1 8 
1g 





FEATURES 


m 5V single power supply 
m 32,768 words x 8-bit configuration 
m Access time: 
170 ns. max. (CAT27256-17) 
200 ns. max. (CAT27256-20) 
250 ns. max. (CAT27256-25) 
m Power consumption: 
525 mW max. (read operation) 
184 mW (max. during stand-by) 
m Fully static operation 
m = TTLcompatible Input/Output 
(3-state output) 


BLOCK DIAGRAM 


Memory matrix 
32,768 x 8-bit 


This specification may be changed without notification. 
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CAT27256 OTPROM CATALYST 


FUNCTION TABLE 


CE OE Vpp Vcc 
(20) (22) (1) (28) 













inhi +12.5V High impedance 


Program inhibit 
The "-" means the value can be either Vi_ or Vin 





ABSOLUTE MAXIMUM RATINGS 


Temperature under bias AD A «2 x ate oo hal St ee 0°C~70°C 
Storage temperature 1 (ce ee -55°C~125°C 
All input/output voltages Vin, VoUT ... +--+: -0.6~13.5V 
Vcc supply voltage NOG: Siren toc. oe ee -0.6V~7V 
Program Voltage WiPP!. c! 3. th, ese i ee -0.6~14V 
Power assembly voltage PP é G3 a. emake ne 1.5W 


(Voltages with respect to ground) 


“Stresses above those listed under "Absolute Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and the functional operation of the device at these or any other 


conditions above those indicated in the operational sections of this specification is not implied. 


Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 


CATALYST OTPROM CAT27256 


DC CHARACTERISTICS <Read Operation> 
(Vcc = 5V + 5%, Vpp = Vcc, Ta = 0°C ~ 70°C) 


Min. Typ. Max. 
Sa 
a 
a 
es 


Input voltage "H" level 2.0 
4 






ViH 

ViL 
Output voltage "H" level lon = -400pA 
Output voltage "L" level lol = 2.1mMA pe 


AC CHARACTERISTICS <Read Operation> 
(Vec = 5V + 5%, Voc = Vpp, Ta = 0°C ~ 70°C) 


Symbol Parameter Conditions 27256-17 27256-20 27256-25 
Min. Max. | Min. Max. | Min. Max. 
tDF 




















ee | esis ne 
pte Output disable time 


TIMING <Read Operation> 


hehe RE 






'cE 
a Valid Output SS 


tacc 


Output 
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CAT27256 OTPROM CATALYST 


DC CHARACTERISTICS <Programming Operation> 
(Vec = 5.75 -6.5V, Vpp= 12.5V+0.5V, Ta = 25°C +5°C) 


Input voltage “H" level 
Input voltage "L" level 
Output voltage "H" level 


Output voltage "L" level 





— 


AC CHARACTERISTICS <Programming Operation> 
(Vcc = 5.75 -6.5V, Vpp= 12.5V+0.5V, Ta = 25°C +5°C) 











Fee 
es 
a 
a 
ee 
Sad Ea l 
float delay 
ee 
[en | een asoampuiewan | Ves evioav 


High-speed initial program Voc = 6.25V +0.25V 
pulse width | 
| topw CE overprogram pulse width Voc = 6V 40.25V 
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CATALYST 


TIMING <Programming Operation> 


Address 4 


<-> 
TAS 
: High Z 
{ohne} 


ae 


Vpp 


Voc 


topw —> 


OTPROM 


CAT27256 


Address N 


es 6.25/6V(1) : 
5V aad 
'ys 


(1) Note: VCC = 6.25 V +0.25V for Quick Pulse Programming™, 6.0V + 0.25V for Intelligent Programming™. 


Programming Mode 


As shipped, all bits of the OTPROM are in the logic 
one state. The device is programmed by selec- 
tively writing logic zeros into the desired bit loca- 
tions. To enter the programming mode, Vcc and 
Vpp must be adjusted to their programming levels, 
outputs are disabled (OE = Vin), and a program 
write pulse must be applied to the CE pin. After the 
program write pulse the programmed data may be 





verified by enabling the outputs (OE=ViL) and com- 


_ paring the written datato the read data. This device 


is compatible with the Intelligent Programming™ al- 
gorithm, and the Quick Pulse Programming™ algo- 
rithm. Intelligent Programming and Quick Pulse 
Programming are registered trademarks of Intel 
Corp. [9/87] 


Caution: Exceeding 14V on Vpp will permanently damage the device. 
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CATALYST 


CAT27512 OTP 


OTPROM 


CAT27512 


65,536 x 8-BIT ONE-TIME PROGRAMMABLE ROM 


DESCRIPTION 


The CAT27512 is a 65,536 x 8-bit One Time 
Programmable Read Only Memory (OTPROM). It 
is offered in a plastic package, ideally suited for high 
volume production. The fast access time of the 
CAT27512 allows it to be used in systems that util- 
ize high performance microprocessors with no 
WAIT states. Two control lines eliminate bus con- 
tention in multiple bus microprocessor systems. 
The CAT27512 is manufactured using N-channel 
dual-poly silicon gate MOS technology and supplied 
in a 28-pin JEDEC-approved package. 


PIN CONFIGURATION 


TOP VIEW 





FEATURES 


m 5V single power supply 
m 65,536 words x 8-bit configuration 
m Access time: 
200 ns. max. (CAT27512-20) 
250 ns. max. (CAT27512-25) 
m Power consumption: 
525 mW max. (read operation) 
184 mW (max. during stand-by) 
m Fully static operation 
m TTLcompatible Input/Output 
(3-state output) 


BLOCK DIAGRAM 


Memory matrix 
65536 x 8-bit 


Decoder 
OE foe. 
Input buffers 


This specification may be changed without notification. 
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CAT27512 OTPROM | CATALYST 


FUNCTION TABLE 


Sete ps = 
(20) (22) (28) 

sv 
ee 
a i 

ue | 

pw | 












Program inhibit 12.5V High impedance 


The "-" means the value can be either Vi or Vin 





ABSOLUTE MAXIMUM RATINGS 


Temperature under bias MAS ee, dae chee eh a es ect 0°C~70°C 
Storage temperature WSIG:. 4c. 4.4.4.6-0.5-% dc -55°C~ 125°C 
All input/output voltages Vin, VouUT ..-.---- -0.6~ 13.5 V 
Vcc supply voltage NOG: 54-623 2 408 3 -0.6V~7V 
Program Voltage NPP 2 3 qiut Se eee -0.6~14V 
Power assembly voltage PDs aioe oe oS oe 1.5 W 


(Voltages with respect to ground) 


“Stresses above those listed under "Absolute Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and the functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 
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CATALYST OTPROM 


DC CHARACTERISTICS <Read Operation> 
(Vec = 5V+5%, Ta =0°C ~ 70°C) 


Input leakage current Vin = 5.25V 
Output leakage current Vout = 5.25V 
Vcc power current (stand-by) 


Icce2 Vcc power current (operation) 


Input voltage "H" level 
Input voltage "L" level 
Output voltage "H" level 


Output voltage "L" level 


AC CHARACTERISTICS <Read Operation> 
(Voc = 5V+5%, Ta =0°C ~ 70°C) 


Output disable time 


CAT27512 


27512-20 27512-25 
Min. Max. | Min. 


| Addresses Valid 


‘CE 
Valid Output S 


tacc 
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CAT27512 OTPROM CATALYST 


DC CHARACTERISTICS <Programming Operation> 
(Vcc = 5.75 -6.5V, Vpp= 12.5V+0.5V, Ta=25°C +5°C) 


Parameter Conditions Limits 
Min. Typ. Max. 


c|wowieasecwt [ware | 
wrreranen | OM 
co | veered 
ve | meee ries 
ee ce 

Ta 

is 






Symbol 








Vit Input voltage "L" level 
VoH Output voltage “H" level loH = -400pA 
VoL Output voltage "L" level lo. =2.1mMA 


AC CHARACTERISTICS <Programming Operation> 
(Vcc = 5.75 - 6.5V, Vpp = 12.5V +0.5V, Ta = 25°C +5°C) 










[teams | 


ta 
to 
ta 


a 
ce |v pomrstwine | 
[Bia poyonsusewisn | veonevanasv | oo | 
Hiker wopan si] eon eav0a5v [os | 108 | 108 | we 
ial 
“s 


S 

EH 

H 
tDH 







CE overprogram pulse width Voc = 6V +0.25V 
a 


tov 
R 


tv 





CATALYST 


TIMING <Programming Operation> 


Program 
Address 


<<» 


tas 


> 


q 
tps 
OE /V PP Vpp 
Vit 


+> 


tvs 


6.25/6.0V(1) 
5V 
tvs 


Programming Mode 


As shipped, all bits of the OTPROM are in the logic 
One state. The device is programmed by selec- 
tively writing logic zeros into the desired bit loca- 


tions. To enter the programming mode, Vcc and. 


OE/Vpp must be adjusted to their programming 
levels, and a program write pulse must be applied 
to the CE pin. After the program write pulse the 
programmed data may be verified by enabling the 
outputs (OE / Vpp = Vit and CE = Vi_) and com- 


OTPROM 


y 


Data input 


CAT27512 


Address N 


High Z 


4 Data output 
/ 
I oad + 
tDFP 
'vR 
a | 


(1) Note: VCC = 6.25 V +0.25V for Quick Pulse Programming™, 6.0V + 0.25V for Intelligent Programming™. 





paring the written data to the readdata. This device 
is compatible with the Intelligent Programming ™ 
algorithm, and the Quick Pulse Programming ™ al- 
gorithm. Intelligent Programming and Quick Pulse 
Programming are registered trademarks of Intel 
Corp. [9/87] 


Caution: Exceeding 14V on Vpp will permanently damage the device. 
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CATALYST 


CAT27C210 


EPROM 


CAT27C210 


1 MEGABIT (64k X 16) CMOS EPROM 


DESCRIPTION 


The CAT27C210 is a 1 megabit high-speed 
EPROM. It features low power operation, 16 three 
state output buffers, and a pumping circuit to raise 
the EPROM cell’s gate voltage to a level higher than 
Vpp during programming operation. Two control 
lines eliminate bus contention in microprocessor 
systems. The CAT27C210 is packaged in a 40 pin 
DIP (plastic OTP or CERDIP), or a 44 pin PLCC 
(OTP). The CERDIP is equipped with atransparent 
lid to enable device erasing. 


PIN CONFIGURATION 40 Pin DIP 


FEATURES 


mM Fast read access time: 150ns max. 
Mm Low CMOS power: 
Active - 30 mA max. (CMOS input level) 
Standby - 100A max. 
16 three state output buffers 
ESD protection greater than 2000V 
64K words by 16 bits 
TTL compatible I/O 
One-time-programmable option 
Pin/functional equivalent to Intel 27210 
40 pin plastic DIP (OTP), 40 pin CERDIP, or 
44 pin plastic leaded chip carrier (OTP) 
available. 
mM Compatible with Quick Pulse i programming 


CONFIGURATION 44 Pin PLCC 


TOP VIEW 


18 19 20 21 2223 24 25 26 27 28 
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CAT270210 EPROM CATALYST 


BLOCK DIAGRAM 


X - Buffers 1024 x 1024-Bit 
Latches | Array 
and Decoder 


Ao - A15 
Address 
Inputs 


Y - Buffers Output Buffers 


Latches Read/Write Ckt 
and Decoder 


Control Logic 


Supply voltages 





PIN NAMES 


Address inputs 

Data outputs 

Chip enable 

Output enable 

Write enable 

Read voltage supply 
Ground 

Program voltage supply 





CAPACITANCE 
( Ta= 25 °C, f = 1.0 MHz) 


Symbol Parameter Conditions Limits 
Typ. max. 


[ear | Ootcwesine | vere f Od 
[en [stead 


Note: These parameters are periodically sampled and are not 100% tested. 
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CATALYST 


EPROM CAT27C210 


FUNCTION TABLE / Mode selection 
Operating Conditions: Vcc = +5V, Vcc = Vpp (during read) 


Stand-by 


Notes on Modes table: 


Logic levels 


Supply Voltage 


Read 


Output disable 


Standby 
Program 


Program verify 


Program inhibit 
Signature MFG. 


Signature Device. 





ViH = TTL logic 1 level. 

Vit = TTL logic 0 level 

Vpp = programming (high V) 

Vip = signature voltage ( high V) 

X = supply voltage between ground and Vcc 

Read mode, the content of the addressed memory word is placed 
on the I/O pins Oo to O45 

Device is selected (active mode), programming is disabled and 
Oo to O15 output buffers are tri-stated (PMOS and NMOS drivers 
are turned off.) 

Device is deselected, low power dissipation. 

Word programming mode, logic zeros in the bit pattern driving the 
Oo to to O45 input buffers are written into the respective memory 
cells of the addressed word. 

Following a programming cycle, to verify the cell contents of the 
memory word being programmed (not recommended as normal 
read operation) 


CE set to logic 1 level prevents programming and deselects the 


device. 

Signature mode, code of IC manufacturer output on I/O pins Oo to 
O15 

Signature mode, code of IC type output on I/O pins Oo to O15 
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CAT27C210 EPROM CATALYST 


ABSOLUTE MAXIMUM RATINGS * 


Temperatureunderbias ww ee -10°C t0 +85°C 
Storagetemperature i ee ee -65°C to +125°C 
Voltage on all input/output pins relativetoGnd ........... -1.0t0+7V 
Voltage on AQ relativetoGnd ..........2.2.2 2.000 ee -1.0 to 14.0V 
D.C. output current, short-curcuit ............02200. 20mA 

Program supply voltage VPP wf ww ww ee ee ee -1.0 to 14.0V 
Read supply voltage VCC iw iw kk ee ee -1.0to+7V 

Max power dissapation (Ta = 25°C) ..........2.20000. 1.0W 

Max lead soldering temp (10 seconds) ............... 260°C 


*Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is 
a stress rating only and the functional operation of the device at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 
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CATALYST EPROM CAT27C210 


READ OPERATION AND STANDBY MODES 


Memory access for reading an address location is controlled by CE and OE. Chip enable CE is used inde- 
pendently of all other input signals as the primary device selection. In the logic 0 state (TTL level ViL), CE 
powers up all input and sensitive internal circuitry. In the logic 1 state (TTL level Vin), CE places the device 
in standby mode, all DC paths to ground are shut-off and the power dissipation is reduced to a minimum. 
A logic 1 on the output enable OE (output enable) disables the output buffers and places the output pads 
in a high impedance state. Assuming that the address lines Ao to A15 have been stable for a time equal to 
tacc - tog, the output data is available after a delay of tog from the falling edge of OE. 


SIGNATURE MODE 

The signature mode allows the programmer to identify the manufacturer and the type of the part. This mode 
is entered as a regular READ mode by driving low the CE and OE inputs, in addition to driving the input 
address bit Ag to high voltage Vin level. 

A logic low level (ViL) on the address pin Ao outputs on Op to O45 the binary code of the IC manufacturer. 
CATALYST Code: 0000 0000 0011 0001 (0031H) 

A logic high level (Vin) on the address pin Ao outputs the device type on Oo to O15 


Device type: 0000 0000 0000 01110 (007H) 


AC CHARACTERISTICS <Read Operation> 
Ta = 0°C to +70°C, Voc = +5V +10% 


Address access time 


CE to output delay 
CE to output delay 


OE high to output High Z 





Notes: 
Output floating (OUT High Z) is defined as the state where the external data line is no longer driven 
by the putpilt burek 
Input rise and fall times (10to90%) ............2.200- 20ns 
Inputpulselevels ia ee ee 0.45 to 2.4V 
Input and output timing reference ..............20284 0.80 to 2.0V 
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CAT27C210 EPROM CATALYST 


AC TESTING IN/OUT WAVEFORM AC TEST LOAD CIRCUIT 


Figure 1 - Output Load Circuit 


2.0V 
Test points 4. 3Kohms 


0.8V 


test 
ise C, = 100pF 


(Includes jig 
capacitance) 





DC CHARACTERISTICS <Read and Standby Modes> 
(Voc = +5V +10%, Ta =0°C to 70°C ) 


7 Vcc current (operating, TTL) f = DC to 5MHz me ORG 
Vcc current (operating, lia f = DC to 5MHz ee Lie 





put bad aren Vw = 88V Pt. Pa 


a a ES 
a 
wis | towttipaetneenes [=i os | os 
tor | eneemnene [Tan Pee 
We | towietoapaveigs | tazna | 
[Tae rtetnenteao [vena | 


The maximum current values are with outputs Oo to O15 unloaded. 
Vcc must be applied simultaneously or before Vpp and removed 
simultaneously or after Vpp. 
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CATALYST 


AC TIMING <Read Operation> 


EPROM 


CAT27C210 


AC Waveforms (Read Mode) 


< Addresses Valid 


Address 


Programming Mode 


As shipped, all the bits of the CAT27C210 are in the 
logic one state. The device is programmed by 
selectively writing logic zeros into the desired bit 
locations. To enter the programming mode, Vcc and 
Vpp must be adjusted to their programming levels, 
CE is pulled to Vi_, and a program write pulse is ap- 
plied to the PGM pin. Afterthe program write pulse, 
the programmed data may then be verified by 





enabling the outputs (OE=Vi_, CE = 


KK 4 Valid Output Tome High Z 


tacc 


ViL, and 
PGM = Vin), then comparing the written data to the 
read data. This device is compatible with the Intel- 
ligent Programming and the Quick Pulse 
Programming ~ algorithm. algorithm. Intelligent 
Programming and Quick Pulse Programming are 
registered trademarks of Intel Corp.[9/87] 


CAUTION: Exceeding 14V on the VPP pin will permanently damage the device. 
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CAT27C210 | EPROM CATALYST 


DC CHARACTERISTICS <Programming Mode> 
(Voc = +5V £10%, Ta = 25°C + 5°C ) 


Parameter 


VCC Low voltage supply 
Quick Pulse program 

Vpp 

Vpp 

lu 

ILo 

VIL 

VoL 

VIH 

Vou 

Vip 


Low voltage supply 
Intelligent program | 


High voltage supply 
Quick Pulse program 


Iccp Vcc current, program + verify 


mi Vpp current, program operation 


Input load current Vin = 5.5V 


Output leakage current VouT = 5.5V 


Input low level CMOS 


Input low level TTL 


Output low level 


| Input high level TTL 
Input high level CMOS 


Output high level lon = -400nA 





High voltage supply 
Intelligent program 


Ag signature level 


Notes: 
The maximum current values are with outputs Oo to O15 unloaded. 


Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 
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CATALYST EPROM CAT27C210 


AC CHARACTERISTICS <Programming> 
Ta = 25°C +5°C 


Symbol Parameter Conditions imi 
Min. Typ. Max. 


10%-90% = 20ns 
os | oameetepine ae 
Input pulse levels: 
Address hold time 0.45 to 2.4V 
Input timing reference 
panels level: 0.8 to 2.0V 
CE set-up time imi 
| twos | Mocsetuptime 
pew PGM pulse width, Intelligent Pgm. Ll 
| tw PGM pulse width, Quick Pulse Pgm. es 
topw |PGNM-overprogram pulse-intelligent Pgm Pe 2.85 | = | 785 | ms 






| toe | Data valid from OE 
CE high to output High Z 


Note: 





Output floating (OUTPUT HIGH Z) is defined as the state where the external data line is no longer driven 
by the output buffer. 
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CAT27C210 EPROM CATALYST 


AC TIMING <Programming Operation> 


Program Verify 
Ms / 
AO - A15 ( Address stable ) 
ML ; 
tas taH 
Mi | 
Data High Z/ High 2 


[ainsi [ainsi stable 


C Data out valid } 
ML f 
= > ° 
V 12.75/12.5V /} 
PP 
ia 


6.25/6V / 
bale 
tvcs 
CE 
Mn 
VIL 


| SI 
=< 
ay a + 


Note: When programming the device a 0.1 microfarad capacitor is required between Vpp and Vss to sup- 
press spurious voltage transients which can damage the part. 
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CATALYST 


CAT27HC256 


32,768 x 8-BIT HIGH-SPEED CMOS EPROM 


EPROM 


CAT27HC256 


Preliminary 


DESCRIPTION FEATURES 
The CAT27HC256 is a high speed 256K UV ™ 9%V single powersupply = 
erasable and electrically reprogrammableEPROM ™ 32,768 words x 8-bit configuration 
ideally suited for applications where fast turn. ™% Fastaccess time: 55 ns. 
around and pattern experimentation are important ™ Lowcurrent requirements: 
requirements. The CAT27HC256 is packaged in a Active: 40 mA max (TTL levels) 
28-pin ceramic dual-in-line package with a Standby: 1 mA max (TTL levels) 
transparent lid. The lid allows the user to expose the __ Standiby: 1002A (CMOS levels) 
chip to ultraviolet light to erase the bit pattern, allow- ™% High speed programming 
ing new pattern to be written into the device by fol- : eye ae Output 
lowing the programming procedure. m= 28-pin JEDEC approved DIP 

m Electronic signature 

m Industrial and military temperature range avail- 

able 

PIN CONFIGURATION BLOCK DIAGRAM 


TOP VIEW 


1 

2 
3 
4 
5 
6 
7 
8 
9 





Memory matrix 
32,768 x 8-bit 


This specification may be changed without notification. 
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SRAMS 


SRAMs 
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CATALYST 


CAT71C88 


CMOS STATIC RAM 


CAT71C88 


16K X 4-BIT HIGH SPEED CMOS STATIC RAM 


GENERAL DESCRIPTION 


The CAT71C88 is a static CMOS RAM organized 
as a 16,384 word by 4 bit array. It features 5V single 
power supply operation and direct TTL input/output 
compatibility. Since the circuitry is completely 
static, external clock and refresh operations are un- 
necessary. The CAT71C88 is offered in a 22-pin 
slim package. 


PIN CONFIGURATION 


(TOP VIEW) 





FEATURES 


m CMOS technology - completely static 
operation 

mM Low power dissipation: 

Standby - 11 mW max. 

Operation 605 mW. max. 
Single power supply (+5V +10%) 
Operating temperature Ta = 0° to 70°C 
Fully TTL compatible, input and output 
3-state output 
JEDEC standard 22-pin 300-mil wide package 
Access time = 45/55/70 ns max. 


PIN NAMES 


Ao-Ai3 
I/Op-l/O3 


Address input 
Data input/output 


WE Write enable 
CS Chip select 
Supply Voltage 


Voc, Vss 
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CAT71C88 CMOS STATIC RAM CATALYST 


FUNCTIONAL BLOCK DIAGRAM 


a ROW MEMORY ARRAY | 


>] SELECT 512 ROWS 
—— 32 COLUMNS 


3 X 4 BLOCKS 


COLUMN I/O 
CIRCUITS 


COLUMN SELECT 









Supply voltage Ta = 25°C -0.3 to 7.0 









with respect to Vss 
Input voltage -0.3 to 7.0 


Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and the functional operation of the device at these or any other condi- 
tions above those indicated in the operational sections of this specification is not implied. Exposure to ab- 
solute maximum rating conditions for extended periods may affect device reliability. 
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CATALYST CMOS STATIC RAM CAT71C88 


Limits 
Typ. Max. 
5 


Min. 
2.2 


RECOMMENDED OPERATING CONDITIONS 


"H" Input voltage 
"L" Input voltage 


Operating temperature 























Note: When pulse width is equal to or smaller than 20ns, Viq max. =Vcc+1.0V, Vi_ min = -1.0V. 


DC CHARACTERISTICS 
(Vcc = +5V +10%, Ta = 0°C to 70°C ) 


Symbol Parameter Conditions Limits 
Min. Typ. Max. 
Vi -4 


ee 
Pe formes Tem [TT 
Vio = 0 to Vcc 


pt OS 2Vec -0.2V 
Iccs Standby supply current (CMOS) Vin < 0.2V or 
Vin 2 Vcc -0.2V 
locs1 Standby supply current (TTL) CS = Vin 
Oe en Se 


Operating supply current Min. cycle 


CAPACITANCE 
(T, = 25°C, f = 1.0 MHz, V,. = 5V) 


Note: These parameters are periodically sampled and are not 100% tested. 
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CAT71C88 CMOS STATIC RAM | CATALYST 


AC CHARACTERISTICS - TEST CONDITIONS 


a 
etiam 


READ CYCLE 
(Vcc = 5V + 10%, Ta= 0° to 70°C) 


Min... Max.|/Min. Max.j/Min. Max. 







Output 3-state from deselection 
Chip selection to power up time 





Chip deselection to power down time 


Notes: 1. Read condition: During the overlap of a low CS and a high WE. 
2. Tcx and Totp are measured + 200 mV from steady state voltage with specified loading in Figure 2. 


5V 5V 
480 Q 480 Q 
D out D out 
30 pF CL 5 pF Ci 
2550 2550 
Fig. 1. Output load Fig. 2. Output load 


Note: Ci includes scope and jig. 
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CATALYST CMOS STATIC RAM CAT71C88 


READ CYCLE TIMING 1 <Address Controlled> 


Valid Data 





NOTE: WE = Vin, CS = VIL 


READ CYCLE TIMING 2 <CS Controlled> 


TOTD 


ch.) Sa High Z 


Tpp 





P re | 
ower supply 
ISS 50% 


NOTE: WE = Vin 





WRITE CYCLE [see notes following table for conditions] 
(Ta = 0° to 70°C) 


Min. Max./Min. Max.j/Min. Max. 
me | wieaete «dS 
or | psoncne Ewan = 
ow | aatessvaiio ware if 
ts | Asse etpine | 
mw [wisi 
we [_wiromvevine Sd 
| es EX 
Zs a 

aa 

Ea 














Tor easton tains 





CAT71C88. CMOS STATIC RAM CATALYST 


Notes: 

. Write condition: During the overlap of alow CS and a low WE. 

. tas is specified from a low CS or a low WE, whichever occurs last after the address is set. 

. twis an overlap time of a low CS and a low WE. 

. twr, tps and toy are specified from a high CS or a high WE, whichever occurs first. 

. totw and tow are measured +200mV from steady state voltage with specified loading in Figure 2. 
6. When I/O pins are in data output mode, don’t force inverse input signals to those pins. 


ah aN — 


WRITE CYCLE <Timing 1 - WE Control> 


aL LLY 


tbH 


ZZ ZZ Kn] KT 


toTw | t 
High Z oe 


CNN NY VIZZ 
A A 


High Z 
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CATALYST 


CAT71C256 


32K x 8-BIT CMOS STATIC RAM 


GENERAL DESCRIPTION 


The CAT71C256 is a high performance 262,144 bit 
CMOS static RAM organized as a 32,768 X 8 bit 
array. It features 5V single power supply operation 
and direct TTL input/output compatibility. Since the 
circuitry is completely static, external clock and 
refreshing operations are unnecessary. The 
CAT71C256 is a CMOS device that requires very 
low power during standby (1 mA). The CS and OE 
control signals facilitate OR-tying of the output 
lines, simplifying memory expansion. 


PIN CONFIGURATION 28-Pin DIP 


TOP VIEW 


2 
j 3: 
| 5 
| 6 
7 
8 
9 


ek) ee eS ee ok 
fk WwW HS —- Oo 





CMOS STATIC RAM 


CAT71C0256 


FEATURES 


mM Single 5 V supply (+ 10%) 

Mm Low power consumption 

385 mW max (operation) 

5.5 mW max (stand-by) 

32,768 X 8 configuration 
Static operation 
Access / Cycle time 

85 ns max (CAT71C256-85) 

100 ns max (CAT71C256-10) 

120 ns max (CAT71C256-12) 
TTL compatible INPUT/OUTPUT 
Three state outputs 
28-pin DIP, or 32-pin PLCC packages 


PIN CONFIGURATION 32-Pin PLCC 


28 ES 
o7 Ee 
26 BS 
TOP VIEW 


25 fj OE 





4-9 





CAT71C256 CMOS STATIC RAM 


BLOCK DIAGRAM 


Ae ——— ROW |. MEMORY ARRAY 
A7z©O ST 

AgO PS] SELECT 512 ROWS 

A, O aa 64 COLUMNS 

: oe = X 8 BLOCKS 

A 42O es 

A 43O ae 

A140 po 






RARE 
VO; OO 

VO2O 
VO30 
VO, 
VO, © 
VO,O 
VO7O 


CIRCUITS 





COLUMN I/O 


COLUMN SELECT 


OOO00 0 
Ao Ay AoA3A4 As 


CATALYST 


«© Voc 
«<——© Vss 












Pin Assignment [28 and 32 pin package] Ao - Ai4 
Qo - VO7 


Vcc, Vss 
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‘Address inputs 
‘Data input/output 
‘Chip select 
‘Write enable 
‘Output enable 
‘Supply voltage 


CATALYST CMOS STATIC RAM CAT710256 


MODES OF OPERATION 









Input voltage -0.3 to Veco +0.3 


Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and the functional operation of the device at these or any other condi- 
tions above those indicated in the operational sections of this specification is not implied. Exposure to ab- 
solute maximum rating conditions for extended periods may affect device reliability. 






RECOMMENDED OPERATING CONDITIONS 









se 
a 


| ck Output load 
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CAT71C256 CMOS STATIC RAM CATALYST 


DC CHARACTERISTICS 
(Voc = +5V £10%, Ta = 0°C to 70°C ) 









Iccs1 Standby supply current (TTL) CS = Vin 
Tcyc = min. cycle 


AC CHARACTERISTICS - TEST CONDITIONS 


Iccs Standby supply current (CMOS) CS 2Voc -0.2V 
Vin =0 to Voc 


Parameter Conditions 
Input pulse level Vin = 2.4V, Vi_ =0.6V 
Input rise and fall times 


Input/output timing reference level 1.5V 


Output load CL = 100pF, 1 TTL gate 
READ CYCLE 


ne, mir. 40a oF aN. =@=AaADdAN 
(VCC = OV IT IVA, IAHKHVU W/V 















°C} 
Gl ee ar Dd 
Min. Max.|/Min. Max.|Min. Max. 
te | Peatocotme 
ee es 
[to |etpestacossine «| fe | 0 | frm ne 
ce ee 
ec etpsasin woop | 





CATALYST CMOS STATIC RAM CAT71C0256 


READ CYCLE 


tac ——————> 


tCTD 


So tco ALLLLL 


an ee 2777 


tox 


tcx 
Kemah 
Eel Data out valid De, 





NOTES: i — or 
1. A READ occurs during the overlap of a low CS, a low OE and a high WE. 
2. tcTp and totp are specified by the time when DATA OUT is floating. 


WRITE CYCLE 
(Ta= 0° to 70°C, Voc = 5V + 10%) 


Min. x.|Min. Max.j/Min. Max. 
kk eee) Bem 
[en | Gipson weniotwie «|| 
iw | Aatesrvaitoenrwme =e [ eo | fro |e 

= 












a 
wf wii 
Tn [ wieemrine 
a 
on | bemtastonwietme 
tx [out onesie 
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CAT71C0256 CMOS STATIC RAM CATALYST 


WRITE CYCLE TIMING 


ALLALL/ 


tDH +» 
JIN 
twx 


I/O (DouT) 





Notes: 


. Write condition: During the overlap of a low CS and a low WE. 

. OE may be both high and low in a Write cycle. 

. tas is specified from a low CS or a low WE, whichever occurs last after the address is set. 
. twis an overlap time of a low CS and a low WE. 

. twr, tos and tox are specified from a high CS or a high WE, whichever occurs first. 

. toTwis specified by the time when DATA OUT is floating, not defined by output level. 

. When I/O pins are in data output mode, don't force inverse input signals to those pins. 


NOOO ROD = 


CAPACITANCE 
(Ta = 25°C, f = 1.0 MHz, Vcc = 5V) 


Symbol Parameter Conditions Limits 
Typ. max. 


a 


Note: These parameters are periodically sampled and are not 100% tested. 
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CATALYST CMOS STATIC RAM 


CAT71C256L 
32K x 8-BIT CMOS STATIC RAM 


GENERAL DESCRIPTION 


The CAT71C256L is alow power high performance 
262,144 bit CMOS static RAM organized as a 
32,768 X 8 bit array. It features 5V single power 
supply operation and direct TTL input/output com- 
patibility. Since the circuitry is completely static, ex- 
ternal clock and refreshing operations are 
unnecessary. The CAT/71C256L is a CMOS device 
that requires extremely low power during standby 
(100 nA). The CS and OE control signals facilitate 
OR-tying of the output lines, simplifying memory ex- 
pansion. 


PIN CONFIGURATION 28-Pin DIP 


TOP VIEW 


; 
j 2 

3: 
14 
1 5 
i 6 
1 7 
| 8 
| 9 


FEATURES 


Single 5 V supply (+ 10%) 
Low power consumption 
385 mW max (operation) 
0.55 mW max (stand-by) 
32,768 X 8 configuration 
Static operation 
Access / Cycle time 
85 ns max (CAT71C256L-85) 
100 ns max (CAT71C256L-10) 
120 ns max (CAT71C256L-12) 
TTL compatible INPUT/OUTPUT 
Three state outputs 
28-pin DIP, or 32-pin PLCC packages 


PIN CONFIGURATION 32-Pin PLCC 


TOP VIEW 





CAT71C256L 





CAT710256L CMOS STATIC RAM CATALYST 


BLOCK DIAGRAM 


Ag © EE 


A.C | Row MEMORY ARRAY O Veo 
A, O >——| SELECT 512 ROWS 

A,O EE 64 COLUMNS +——O ss 
i es ami X 8 BLOCKS 

Ago PP ane 

A430 a 

A44O a 









vidas ya COLUMN 1/0 
0,0 i —- — CIRCUITS 
i 

Ys O47 —— bes Cones COLUMN SELECT 
O42 Lee 

ac ia a 


ee 
VO,0 ee, 
eel BO 


OO OdQ 
Ao Ay AzA3A4g As 





CS 
WE 
Pin Assignment [28 and 32 pin package] Ao - Ai4 ‘Address inputs 

VOQo - VO7 ‘Data input/output 
CS. ‘Chip select 
WE Write enable 
OE ‘Output enable 
Voc, Vss ‘Supply voltage 
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CATALYST CMOS STATIC RAM CAT71C256L 


MODES OF OPERATION 


Standby 


X=H 


orL 










Absolute Maximum Ratings 


Vcc Supply voltage Ta = 25°C, with respect -0.3 to 7.0 
to Vss 
Input voltage -0.3 to Vcc +0.3 


Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and the functional operation of the device at these or any other condi- 
tions above those indicated in the operational sections of this specification is not implied. Exposure to ab- 
solute maximum rating conditions for extended periods may affect device reliability. 









= 





RECOMMENDED OPERATING CONDITIONS 









aan 

= 

gS 
eee 


Output load 









CAT71C256L CMOS STATIC RAM CATALYST 


DC CHARACTERISTICS 
(Voc = +5V +10%, Ta = 0°C to 70°C ) 












ILo Output leakage current CS or OE = Vin -1 pA 
VI/O = 0 to Vcc 

me ets 
Ke 

locs Standby supply current (CMOS) CS 2Vcc -0.2V 

Vin =0 to Vcc 
Iccs1 Standby supply current (TTL) CS = Vin 3 mA 
Tcyc = min. cycle 


AC CHARACTERISTICS - TEST CONDITIONS 





Parameter Conditions 


Input pulse level ViH = 2.4V, Vit = 0.6V 


Output load CL = 100pF, 1 TTL gate 
READ CYCLE 


Nog =5V + 10%, Ta - 0° to 70°C) 


Parameter 71C256L-85 | 71C256L-10 | 71C256L-12 





Outut enable to output valid 
Chip selection to output active 
Output hold time from address change 


tco 
tcx 
tOHA 
tcTD 
tox 


Output 3-state from chip deselection 
Output enable to output active 





CATALYST CMOS STATIC RAM CAT71C256L 


READ CYCLE 


tac ——————_> 


tcTb 


SA ALLL LL 


SMS zz 


ra 
AC amare 
a Data out valid a 





NOTES: a = =e 
1. A READ occurs during the overlap of alow CS, a low OE and a high WE. 
2. tcTp and totp are specified by the time when DATA OUT is floating. 





WRITE CYCLE 
(Ta= 0° to 70°C, Voc = 5V + 10%) 


Min. Max.iMin. Max.j/Min. Max. 
<a ta ee 
So 
cy 

zs 
75 












— 

=a 

<a Cec 
oe | Aasensowtinneme ite | fe] fe 
cw | wie «|| fe 
a 
er | oemsonnee Sid | fm] fo 
[or |tasiastenwisine to | fe fe 
Tom | omuoamtenwe +f f= fe fale 
om | oomuscneronenswme tes} fe] |e 








CAT71C256L CMOS STATIC RAM CATALYST 


WRITE CYCLE TIMING 


I/O (Din) K _Datainstable| YK 


twx 


I/O (DouT) 





Notes: 


. Write condition: During the overlap of a low CS and a low WE. 

. OE may be both high and low in a Write cycle. 

. tas is specified from a low CS or a low WE, whichever occurs last after the address is set. 
. twis an overlap time of a low CS and a low WE. 

. twr, tos and tpn are specified from a high CS or a high WE, whichever occurs first. 

. totwis specified by the time when DATA OUT is floating, not defined by output level. 

. When I/O pins are in data output mode, don’t force inverse input signals to those pins. 


NOOR WDD — 


CAPACITANCE 
(Ta = 25°C, f = 1.0 MHz, Vcc = 5V) 


Symbol Parameter Conditions Limits 
Typ. max. 


a 


Note: These parameters are periodically sampled and are not 100% tested. 
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CATALYST CMOS STATIC RAM CAT71C256L 


CS CONTROL 


Standby Mode 


CS > Vcc - 0.2V 





LOW Vcc DATA RETENTION CHARACTERISTICS 


Ta = 0°C to 70°C, unless otherwise noted. 


Symbol Parameter Conditions Limits 
Min. Typ. Max. 
Vcc for data retention CS 2 Vcc -0.2V Vee 
locH Data retention current CS > Vcc -0.2V, 
Voc = 3V 
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MICROCOMPUTERS 


MICROCOMPUTERs 





CATALYST SMART CARD MICROCOMPUTER CAT62C580 


CAT62C580 


Smart Card Microcomputer 





Description: | Features: 
The CAT62C580 is a single chip 8-bit microcom- mM 8-Bit CPU, RAM, EEPROM, and ROM on a 
puter, with 16K-bits EEPROM, 3K-bytes ROM, and single chip 
128 bytes RAM. The built-in hardware security fea- m Low Power CMOS Technology 
tures protect the program memory (ROM cannot fm Hardware and Software Security 
be dumped). The CAT62C580’s unique architec- jm Speed: 800 ns instruction cycle at 5 MHz 
ture makes it ideal for "Portable Database" ap- =m Clock Frequency: D.C. to 5 MHz 
plications, such as IC cards for banking, personal ™ Single Pin, High Speed Serial I/O Interface 
health records, and a variety of ID’s including entry gy 9600 baud using "DLY" instruction 
access, telephone debit cards, andlargenumberof gy 144 Internal Registers 
military applications. mM 9 Addressing modes 
mM 95 Instructions 
mM 10,000 EEPROM erase/write cycles per byte 
m Ten year EEPROM data retention 
FUNCTIONAL BLOCK DIAGRAM 
8 8 8 8 






Serial VO 


EEPROM 
2K X 8 





CLOCK control 
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CAT62C580 SMART CARD MICROCOMPUTER CATALYST 


OPERATING CONDITIONS 






PIN DESCRIPTION 
Vpp 






RAM 
128 bytes 
fea SERIAL I/O 
CLOCK Ez ROM 
ae 3K bytes 
RESET EE 5 instructions 


"eet 


EEPROM 
2K bytes 










sorter, 


Vss 


[Pn 

Oe ai 
i a 
Resets the CPU. Pini an active low input ands pulled down 


SERIAL V/O Serial data input/output pin or erage bidirectional By The pin is INPUT/OUTPUT 




















pulled up by approximately 10 K, and is set high at CPU reset. 






CATALYST SMART CARD MICROCOMPUTER CAT62C580 


ABSOLUTE MAXIMUM RATINGS 


[—Faramer [Symon | Gondions [ute | uni 
: 


D.C. CHARACTERISTICS 
(Vpp = 5V + 10%, Ta = 0° to +70°C) 





















E 
= 
ae) 


ow) 
o oO 





ro) 
3 
> 





oe) 
wd 


Low Input Voltage Volts 








© 
ee) 





oO 
w 


NO 
& 


High Input Voltage Volts 











O 


olts 


V 
RESET . 
Low Output Voltage lo. MAX=1.6mA 


Supply Current pp f = 5 MHz 
SERIAL I/O 
IH 
High Output Voltage loH MAX 2 -100yA 2.4 
Ci 
0 © 


< 


< 


DD 







reassess 


NOTE: CLOCK and RESET are pulled down internaly, and SERIAL I/O is pulled up. 





Input Current (SIO) 
SERIAL I/O 


ma 
va | WA 
V 
a 







< < 
fe fefefe]-[efele 


1 


ol 





20 








CAT62C580 SMART CARD MICROCOMPUTER CATALYST 


A.C. CHARACTERISTICS 
(Vpp = 5 Volts + 10%, Ta = 0° to +70°C) 












Reset Pulse Width 
SERIAL I/O Rise Time 
SERIAL I/O Fall Time 


NOTE: Output load capacitance = 30pF. 





TIMING DIAGRAM 


SERIAL I/O 
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CATALYST SMART CARD MICROCOMPUTER CAT62C580 
REGISTER SET 


ACCUMULATOR (ACC) 
B-REGISTER 


D-REGISTER 


Y/Y) CONDITION CODE REGISTER (CCR) 


STACK POINTER (SP) 


PROGRAM COUNTER (PC) 





MEMORY MAP 





RAM 






(Stack) 





O=]= NWA MO Aj 





ZP is the Zero Page addressed with the "CZP" 
instruction. 


Rn is the local register area of the RAM. 






RAM map ROM and EEPROM map 






CAT62C580 SMART CARD MICROCOMPUTER CATALYST 
INSTRUCTION SET 


ont all — 


es ee 
A <-- (D), D <-- D+1 


YTES | CYCLE 


FLAGS 















1 





1 
eo | Aq(,D—0A 
ee 
De [eee 
— 7 


B 
MOV opr, A - 
(D) <-- (A) 
Peo [weaveor | 
-A 


= 
ee 
= 

#N 






D <-- #N 2 


MOV D, opr 














3 


rovernor | eo | eo 
roveowor | wv | @emdeon 

, 
romano | eo | Ac me<oe) 
women |e [Ac menee 


3 


3 
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CATALYST 


XCH A, opr 


XCH D, opr 


XCH C, opr 
ADD A, opr 


ADC A, opr 


oO 


CMP A, opr 


CMP @D, opr 
EOR A, opr 


OR A, opr 


AND A, opr 


@BA 


SMART CARD MICROCOMPUTER 


OPERATION BYTES 


A<->B 
A<-->D 
A <--> (D) 
A <--> (N) 
D <-->B 
D <--> SP 


C <-->P 
A <--A+(D) 
A <-- A +(N) 
A <--A+#N 
A <--A+(D)+C 
A <--A+(N)+C 
A<--A+#N+C 
Decimal Adjust 
A is compared with (D) 
A is compared with (N) 
A is compared with #N 
(D) is compared with (BA) 
A <-- A¥(D) 
A <-- A¥(N) 
A <--AMV#N 
A <-- A ORed with (D) 
A <-- A ORed with (N) 
A <-- A ORed with #N 
| A <-- A ANDed with (D) 
A <-- A ANDed with (N) 
A <-- A ANDed with #N 


CYCLE 


CAT62C580 


FLAGS 


c 


5- 





CAT62C580 SMART CARD MICROCOMPUTER CATALYST 


MNEMONIC OPERATION BYTES | CYCLE FLAGS 


ce 









(D) <-- (D) +1 


a 
Oe See 
| oo (0) <= (O)- peees se 
cong MN Sindee 

RLC opr 
PUSH opr 
POP opr 

iZ addr 


Cy »(D)7 to (D)o —] 
CY Cc fF (N)7 to (N)o — 

JL 

JNZ opr if Z=0, PC <- PC+2+addr cs 















D)7 to (D)o 
N)7 to (N)o 


ane 


‘) re 
) 


(SP) <- A, (SP -1) <- CCR, SP <-- SP -2 
(SP) <-D, SP <- SP -1 


CCR <-(SP -1), A <-(SP -2) SP <-- SP +2 





D <-- SP+1, SP <-- SP+1 



















if Z=1, PO <- PO+2+adadr 





A7 to Ao 
= are if C=0, PC <-- PC+2+addr 
if (baddr)=0, PC <-- PC+3+addr 







3/4 








CATALYST SMART CARD MICROCOMPUTER CAT62C580 


OPERATION 


addr (SP) <-- PC+2, PC <-- addr, SP <-- SP - 2 


addr (SP) <-- PC+2, PC <-- ZP, SP <-- SP -2 


PC <- (SP), SP <- SP+2 
No Operation 


A<--0 


(@) 
\ 
° 


C <-- 


1 


(baddr) <-- 0 
(baddr) <-- 1 


> 


<--A 


C<--C 
P <-C, if A=odd, C <- 1 else C <-0 
C<-SI/0 
SI/O <-- C 





Delay N+3 Cycles 





NOTE: One instruction cycle time is equal to 4 divided by the clock frequency. 
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CATALYST SMART CARD MICROCOMPUTER CAT62C780 


CAT62C780 


Smart Card Microcomputer 


Description: 


The CAT62C780 is a single chip 8-bit microcom- 
puter, with 8K-bytes of EEPROM, 6K-bytes ROM, 
and 192 bytes RAM. The built-in hardware security 
features protect the program memory (ROMcannot 
be dumped). The CAT62C780’s unique architec- 
ture makes it ideal for “Portable Database" ap- 
plications, such as IC cards for banking, personal 
health records, and a variety of ID’s including entry 
access, telephone debit cards, and large number of 
military applications. 


EEPROM 


8K bytes 


8 bit Enhanced 
CPU 


114 instructions 


Preliminary 


Features: 


Enhanced 8-Bit CPU, RAM, EEPROM, and 
ROM in a single chip 

Low Power CMOS Technology 

Hardware and Software Security 

Speed: 800 ns instruction cycle at 5 MHz 
Clock Frequency: D.C. to 5 MHz 

Single Pin, High Speed Serial I/O Interface 
114 Instructions 

10,000 EEPROM erase/write cycles per byte 
Ten year EEPROM data retention 

Downward compatible with the CAT62C580 
ECC 

Page Write 


RAM 


192 bytes 
SERIAL I/O 


ROM 


6K bytes 
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-APPLICATION NOTES 





APPLICATION NOTES 





CATALYST 


APPLICATION NOTE 


AN-1 


Using Catalyst’s Serial EEPROMS 
in Shared Input/Output Configuration 


by Asim Bajwa 
5/88 


Catalyst Semiconductor’s family of serial 
EEPROMs utilizes four signals for the communica- 
tion interface; Chip Select (CS) for device selection, 
Serial Clock (SK or CLK) for synchronizing serial 
data to and from the device, Data Input (Dl) to input 
serial data to the device, Data Output (DO) to out- 
put serial data from the device. This interface can 
be reduced to 3 signals by sharing DI and DO as a 
common input/output signal. However, the follow- 
ing precautions should be taken to prevent 
problems due to DI/DO contention: 


1) READ instruction in shared DI/DO 
configuration: 

(applies to 93C46, 59011, 350102/202, 
350104/204) 


DO remains in high impedance while most of the 
READ instruction (i.e. start bit, opcode and ad- 
dress) is being input and offers no contention to the 
DI driver on a shared DI/DO signal. However, typi- 
cally 50ns after the rising edge of the serial clock 
shifts in the least significant bit of the address 
stream (AO), DO outputs the ’0’ dummy bit to flag 
the beginning of the output data stream. If AO is a 
1’ and the DI driver has not been disabled by the 
time the 0’ dummy bit becomes valid, a low im- 
pedance path between the system power supply 
and ground is created through the Di driver pullup 
and DO pulldown device (Fig. 1). 


Unless this condition causes excessive noise on 
the system power supply (which may in turn cause 
noisy or spurious signals to the device), the READ 
instruction will continue and complete normally 
since AO is already shifted into the device. 


To minimize potential problems during this low im- 
pedance condition, acurrent limiting resistor should 
be placed between the DI driver and the DO pin 
when using the shared DI/DO signal (Fig. 2). 


Alternatively, an open drain (or open collector) DI 
driver with pullup resistor can be used (Fig. 2). 


In either case, the clocking rate should be slow 
enough to ensure that the resistor can charge or dis- 
charge the shared DI/DO bus capacitance before 
the appropriate clock edge. For example, if the 
resistor used is 10kohm, and the bus capacitance 
is 100pF, then a safe clock rate is calculated to be: 


Clock Period (T) =2x 3RC 
=2x3x 10kQ x 100pF 
= 6 sec 


=1/T 
= 167kHz 


Frequency (f) 


2) Programming Instructions in shared DI/DO. 
configuration: 
(applies to 93C46, 350102 and 35C 104 only) 


All devices in the Catalyst serial EEPROM family & 
feature self-timed programming cycles. Aprogram- —£ 
ming status signal indicates whether the self-timed 
programming cycle is still in progress or has been 
completed. A ’0’ status signal indicates that the 
device is still programming. A ’1’ status signal indi- 
cates that the programming cycle has been com- 
pleted and the device is is ready to receive the next 
instruction. This feature will allow a userto minimize 
the programming time (tew). 


The 59C11, 35C202 and 350204 devices have a 
separate ready/busy signal pin (RDY/BUSY) to out- 
put the programming status signal. The DO signal 
stays in high impedance throughout the program- 
ming cycle and therefore will not interfere with the 
DI signal in a shared DI/DO configuration. 


On the 93046, 350102 and 35C104 serial 
EEPROMs, the programming status signal can be 
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read on the DO pin by bringing CS high after initiat- 
ing a programming cycle. In a 4-signal interface, 
after a programming cycle the status signal is reset 
to high impedance by the start bit of the next instruc- 
tion (Fig. 3). 


In a shared DI/DO configuration, the ’1’ status sig- 
nal on DO can be clocked into the device as a start 
bit and reset the status signal before it can be read, 
or otherwise interfere with the DI signal for the next 
instruction cycle. The following steps are recom- 
mended to avoid these conditions for a 3-signal in- 
terface (Fig. 4): 
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a) The clock (SK) should be stopped after shifting 
in the programming instruction. This prevents the 1’ 
ready status from resetting the status signal before 
it can be read. 


b) After reading the ’1’ ready status, at least one 
clock pulse should be input to the device while the 
DI/DO signal is ’1’ in order to reset the status signal. 


c) CS should then be brought low to reset the in- 
struction logic. 


The next instruction can now be executed without 
any contention from the DO signal. 


Figure 1a. DI/DO contention timing during read cycle 


Di/DO Contention 





Figure 1b. Current path 


SERIAL 
EEPROM 


SK/CLK _ 





Yoc 


RDY / BUSY 
(59011, 350202, 35C204 only ) 


# ORG 


Vss 
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Figure 2. Three possible configurations to minimize problems due to contention 


CS 


SK / CLK 
DI 


CS 
SK / CLK 


DI 
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Figure 3. Programming instruction and status reset with 4-signal interface 
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Figure 4. Programming instruction and status reset with 3-signal interface 
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Serial EEPROM Programming Time Optimization 
Using the CAT59C11 and CAT93C46 in 8 and 16-bit word organization 


by Christophe Chevallier 
3/88 


Many applications with serial EEPROMS require 
the storage of bytes. The best way to optimize 
programming speed is to program 2 bytes at atime, 
using the x16 organization, and then switch to the 
byte organization for the read operation. 


In the 16-bit organization, 16 bits are programmed 
simultaneously. The write time is the same for 8 or 
16 bits : maximum is 10 ms. Writing the whole array 
(128 bytes) this way will save 0.64s. 


To operate the EEPROM this way, the processor 
controlling the data transfer should control the ORG 
pin (pin 6). At Vit the chip is in the x8 (byte) or- 
ganization, at Vin the chip is in the x16 (word) or- 
ganization. 


Getting into programming mode 

Before programming the memory, an EWEN 
(erase/write enable) operation should be per- 
formed. It needs to be done only once after the chip 
has been powered up. To protect the memory 
against undesirable write operations, the program- 
ming operations can be disabled by doing an 
EWDS (erase/write disable). Itis safe to perform an 
EWDS if the chip is not being programmed, to avoid 
a false write in case of power transients. These 
operations (EWEN, EWDS) can be performed with 
the ORG pin high or low. Changing the state of the 
ORG pin will not change the status of the chip 
whether programming is enabled or disabled. 


To write a 16-bit word, once the ORG and the CS 
pins are high, the start bit and the write opcode ’01’ 
are entered, followed by the 6-bit address (for a 
1Kbit memory) and the 2 data bytes to be written. 
Since the device is functionally static, the SK clock 
can be maintained high or low long enough to give 
time to the processor to fetch the second data byte. 
The programming will start at the end of the data 
acquisition (59C11) or when CS goes down 
(93046). 


Reading at the correct address 

The internal memory, in the byte organization, is 
divided into 2 pages of 64 bytes, the high page with 
A6=1 and the low page with A6=0. When writing a 
16-bit word, the first 8 bits entered correspond to 
the high page address, the last 8 bits to the low 
page address. (See bit maps and example). Using 
hexadecimal notation, the low page addresses are 
0 to 3F, the high page addresses are 40 to 7F. 
In the 16-bit organization, only the addresses 0 to 
3F are used. To get the byte address of the first 
byte entered, add 40 to the address used in the 
x16 mode. (In the example, 40 + 2E = 6E ). 


For example, consider the following operations: 


Using x16 mode, WRITE at address 2E the data 
A65B. (See map 1). This will be done with ORG pin 
high, entering a 6-bit address. 


Using x8 mode (ORG pin low, entering a 7-bit ad- 
dress), a READ at address 2E wil output 5B, a 
READ at address 6E will output A6. (See map 2). 


Floating the ORG pin 

The ORG pin can be left floating, in this case an in- 
ternal pull-up resistor will bring the pin high, select- 
ing the 16-bit organization. When switching the 
ORG pin from ViL to floating, care should be taken 
to leave enough time for the ORG pin to reach Vin. 


This time depends on the capacitance of the line 
arriving on the ORG pin. The internal pull-up is 
small, in order to stay within the 10 pA input 
leakage specification. Typically, the leakage cur- 
rent on this pin is around 5yA at Vi_ =OV, and will 
decrease at higher input’ voltage. 


(continued) 
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Therefore, for a 100pF line capacitance, it will re- . 
quire T=C V/I = 100pF x 2V / 2.5u/A ( average ORG pin 
pull-up current). T =80us 

Vec 
In this example, the processor should wait 100us 
after releasing the ORG pin before starting a new Vi 
operation. The best way to avoid this wait is to drive 
the ORG pin high instead of letting it float. 





Time 


Din / DouT PATTERNS 


Opcode 


Start Address Data 


Write @ 2E, Data A65B 10 1110 | 1010 0110 0101 1011 
Read @ 6E, Data A6 110 1110 | 1010 0110 
Read @ 2E, Data 5B 010 1110 | 0101 1011 








SEES 
LOGICAL BIT MAP 1: LOGICAL BIT MAP 2: 
X16 ORGANIZATION x BYTE ORGANIZATION 
Content 
Content 


Address 3F Address 7F 


oF 6E 


OE 





A s e 
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CAT93C46 / CAT35C102 to 8051 Microcontroller 


Communication 


Using the 8051’s Built-in Shift Register 


by Jim Troutner 
5/88 


The CAT93C46, and CAT35C102 are serial access 
EEPROMs intended for use with many of todays 
standard microcontrollers and microcomputers. To 
operate the serial EEPROM, first select the device 
by driving the CS pin to a logic one state, and shift 
in the instructions, address, and data into the 
EEPROMs DI pin. All data is shifted in on the rising 
edge of the SK clock, while data being read from the 
device appears at the DO pin a short time delay (tpd) 
after the rising edge of the SK clock. 


This all seems to be very straight forward and in 
most application few problems will be encountered. 
However in some applications were it is desired to 
interface to microcontrollers with built in shift 
registers, such as the 8051, some special problems 
must be considered. 


First the instruction, address, and data of the 
memory device can range from 9 bits (for the 
CAT93C46 organized as 64 X 16) to as many as 12 
bits (for the CAT35C104 organized as 512 X 8). 
While the built in shift register of many 
microcontrollers will only send and receive multiples 
of 8 bits. This problem can be solved by shifting all 
the extra bits (require to make a multiple of 8) into 
the memory as zeros before the start bit is sent (all 
leading zeros shifted into the EEPROM will be ig- 
nored). 


Next, the clock line on some of these 
microcontrollers is initially a logic one, a clock con- 
sist of a falling edge and then a rising edge. The 
problem here is that the EEPROM requires the last 
clock of any operation to have a falling edge before 
the EEPROM is deselected. With the 8051 (or any 
other microcontroller that clocks in the same man- 
ner) the falling edge the the first clock is ignored, and 
the last clock is left in the logic one state. 


The solution here would be to simply add one ad- 
ditional clock pulse to the SK pin before deselect- 
ing the device. Another solution (for those 
processors that must send 8 clocks) is to send one 
byte of zeros then deselect the device. Additional 
zeros clocked into the EEPROM after the instruc- 
tion, address, and data are shifted in will be ig- 
nored. 


Also communicating using the processors built in 
shift register will requires that the DI and DO pin 
the the EEPROM be wired together to form a com- 
mon DI/O pin. The problem here is that after an 
EEPROM erase or write operation the DO pin 
comes out of its high impedance state to indicated 
the EEPROM’s ready/busy status. This status 
must be cleared and the DO pin returned to high 
impedance before any additional operations can 
be sent to the EEPROM. To return the DO pin to 
its high impedance state, deselect and then 
reselect the EEPROM to start the erase or write 
operation, at this time the DO pin will be driven to 
a logic zero state to indicated a busy status. At this 
point, all that needs to be done is to stop the SK 
clock and monitor the DO pin until it indicates a 
ready state, then clock the status into the DI pin (DI 
and DO are tied). The DO will return to the high im- 
pedance state on the falling edge of the clock. If 8 
clocks must be sent at a time due to processor 
limitation, then when the EEPROM status indicates 
it is ready shift a byte of zeros to the EEPROM 
before deselecting it. What really happens here is 
the processor tries to shift zeros into the EEPROM, 
however the DO pin indicating ready (logic 1) will 
hold the DI pin high. After the one is clocked in, the 
DO pin will return to high impedance and the 
remainder of the byte from the processor will be 
clocked into the EEPROM as zeros. Deselect the 
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EEPROM after returning the DO pin to the high im- 
pedance state. 


An example program has been provided containing 
all the 8051 routines needed to exercise the 
CAT93C46, CAT35C102, and CAT35C104. The 
connection of the memory device to the 8051 is il- 
lustrated in Figure 1. In this scheme the EEPROMs 
CS pin could have been connected to any available 
I/O line, and the ORG pin would probably be wired 
to Vcc or GND depending on the application. The 
DI pin and DO pin of the EEPROM are wired 
together to form a common DI/O pin, and must be 
connected (through a current limit resister) to the 
RxD pin (port 3, pin 0) of the 8051. The clock the 
the 8051 shift register appears at the TxD pin (port 
3, pin 1). 


This program utilizes the built in serial port of the 
8051 set to the mode 0 configuration. This con- 
figuration defines the serial port of the 8051 as an 


EEPROM 


Current Limit 


Figure 1. 
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8 bit shift register which will receive and send data 
using the RxD pin as data, and the TxD pin as clock. 
The clock frequency of the shift register is defined 
as the 8051 oscillator frequency divided by 12, there- 
fore care must be taken not to exceed the maximum 
SK clock frequency of the EEPROM by adjusting the 
8051 oscillator. 


The basic flow of the program is illustrated in Figure 
2, and a complete assembled listing has also been 
provided. Subroutines in this program are used to 
enable the EEPROM for writing, erase the entire 
EEPROM memory array, and write or read a par- 
ticular memory address within the EEPROM array. 


In this application the 8051 does allow programmer 
access to the shift register clock pin (port 3 pin 1), 
therefore with this processor it is not necessary to 
send 8 additional clocks when only one additional 
clock is needed. 





CATALYST 
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Figure 2. 
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SET “ADDRESS” 


REGISTER 
TO ZERO 





INCREMENT THE 
“CYCLE” COUNTER 
REGISTER 





INCREMENT 
THE “ADDRESS” 
REGISTER 
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EEPROM 
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NO 
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READ ROUTINE 
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< ASM51 > CROSS ASSEMBLER VER.2.5m 
CAT EEPROM - 8051 I/O ROUTINES 
LOC. OBJECT 
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LINE 


Oo Mr~wAIN UP WHE 


APPLICATION NOTE 


STATEMENT 


=e “se =e Sa Ne 


we “es Se 


DATAIO 
SCLK 
EESEL 
EEORG 
EESTAT 


e 
a 
e 
s 
e 
c 


EE ADDR: 
INS_H: 
INS_L: 
DATAH: 
DATAL: 
R_DATH: 
R_DATL: 


CYCMAX : 
CYCCNT ? 


STACK: 


ASSEMBLE LIST DATE: 


CATALYST 


PAGE: 1 


C46S_16.ASM 


STITLE (CAT EEPROM — 8051 I/O ROUTINES) 
Jim Troutner 
Catalyst Semiconductor 


Date 


01/15/88 


This routine drives the EEPROM using the 8 bit 
shift register (in mode 0) of the 8051. 


KREKEKEKKKKKKEKEKEKKKKKREKEKKKEKEK EK KERR KEK KEKE KKEK KEKE KEKE KEKE KAKEKE KG 


8051 Port Assignments | 


BIT 
BIT 
BIT 
BIT 
BIT 


P3.0 
PS eo 
Pi. 
P1.4 
P3.0 


KKKKEKKK KEKE KEK EK K EKA K EKER KKK KK KK KK KK KKK KEK EKER KKK KKKEKKEKEEKKEKKKKKKEKEKS 


;SERIAL DATA INPUT/OUTPUT PIN (RxD) 
;SERIAL CLOCK (TxD) 

;EEPROM CHIP SELECT 

; EEPROM ORGANIZATION 

;EEPROM STATUS WILL APPEAR HERE 


KEKE KKKKEKKKEKEK EK KEK KEE K EK EK KK KK KEK KEK KEKE KEK KEKE KKK KEK KKEKKKKKKEKKEKKK KS 


8051 DATA MEMORY MAP 


DSEG 0030 


ORG 


030H 


> 


SEJECT 


KKEKKKKKEKKEKKEKKKEKEKKKEKEKEKEK KEKE KKK KEKEKKEKEKKEKKEKKEK KKK KKKKKKKKKKEKKKKKKEK KI 


sEEPROM data address. 
sEEPROM instruction and address. 


7;Data to be stored to, or compared 
; to EEPROM data. 
;Data read from the EEPROM. 


;Number of write/read cycles before 
; a failure. 
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< ASM51 > CROSS ASSEMBLER VER.2.5m ASSEMBLE LIST DATE: PAGE: 2 
CAT EEPROM - 8051 I/O ROUTINES 
LOC. OBJECT LINE STATEMENT C46S_ 16.ASM 

42 PRAKRKKK KKK KK KK KK KERR KEK KKK KKK KK KK KK KK KKK KK KK KEKK HAKKAR KKK KKKKKKKKK 
43 ; CONSTANTS 
44 PRAKKKKKKKKEK KKK KEK KKK KKH KK KK KK KK KKK KKK KKK KK KEK KK AKER KKK KK KKKEKEKKKKEK KK 
45 
46 
47 ; NOTE: User must enter the number of DATA bits, and ADDRESS bits 
48 ' required for the EEPROM being tested. This program will 
49 ; automatically adjust the ORG pin of the EEPROM depending 
50 ; on the value entered for D BITS. 
51 ; 
52 ; This program was designed to address the CAT93C46 
53 ; or the CAT35C102 in an 8 bit or 16 bit data organization. 
54 ; It will also address the CAT35C104 in the 16 bit data 
59 ; organization only. 
56 ? 
Sy ; To modify this program to operate with a specific device 
58 : such as the CAT93C46, first select the data organization 
59 : mode desired (8 bits or 16 bits) by changing the D_ BITS 
60 ; equate below. Then check the CATALYST DATA BOOK to 
61 ; determine the number of address bits required for that 
62 ; device at that data organization, and change the A_BITS 
63 ; below to the specified number of address bits. i.e If 
64 ; A_BITS = 6, and D BITS = 16 then the program is set up 
65 ; for the CAT93C46 in the 64 X 16 mode. 
66 ; 
67 ; To run the program simply re-assemble it, load it the 
68 : emulator, and run it. 
69 

0006 70 A_BITS EQU 6 ;Number of address bit (6,7, or 8). 

0010 71 D_ BITS EQU 16 Number of data bits (8, or 16). 
72 

0004 73 LONG EQU A BITS - 2 z;Number used to adjust long 
74 ; EEPROM instructions. 

0040 75 ADDMAX EQU 01H SHL A_BITS 7Max EEPROM address + 1 
76 
77 SEJECT 
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< ASM51 > CROSS ASSEMBLER VER.2.5m ASSEMBLE LIST DATE: PAGE: 3 
CAT EEPROM - 8051 I/O ROUTINES 
LOC. OBJECT LINE STATEMENT C46S_16.ASM 
78 PRK KKKEKKK EKER EKER KEK KEK KK EKER EKER EKER KEKE KKK KER KK EK KEK KK KK KK KKKEKKKKK KKK 
79 A EEPROM INSTRUCTIONS 
80 PRRKKEKKRKKK KKK ERK KKK KKK KK EK KEK KEK KEK KEKE KK EK KK KER EKR KEKE KKK EKER KK KKK KKKKK 
81 ;SHORT INSTRUCTIONS 
82 ; 1 START, 2 INSTRUCTION BITS 
0001 83 READ H EQU HIGH(110B SHL A_BITS) ;READ MEMORY @ SPECIFIED ADDRE 
0080 B4 READ L EQU LOW(110B SHL A_BITS) 
0001 ? 85 ERASE H EQU HIGH(111B SHL A_BITS) j;ERASE CELL @ SPECIFIED ADDRES 
00cOo 86 ERASE L EQU LOW(111B SHL A_BITS) 
0001 87 WRITE H EQU HIGH(101B SHL A_BITS) ;WRITE DATA TO SPECIFIED ADDRE 
0040 88 WRITE L EQU LOW(101B SHL A_BITS) | 
89 
90 ;LONG BIT INSTRUCTIONS 
91 ; 1 START, 4.INSTRUCTION BITS 
0001 92 EWEN _H  EQU HIGH(10011B SHL LONG) ;ENABLE PROGRAMING 
0030 93 EWEN L EQU LOW(10011B SHL LONG) 
0001 94 EWDS H EQU HIGH(10000B SHL LONG) ;DISABLE PROGRAMING (DEFAULT) 
0000 95 EWDS L  EQU LOW(10000B SHL LONG) 
0001 96 ERAL H EQU HIGH(10010B SHL LONG) j;ERASE ALL ADDRESSES 
0020 97 ERAL L EQU LOW(10010B SHL’ LONG) 
0001 98 WRAL H EQU HIGH(10001B SHL LONG) ;WRITE DATA TO ALL ADDRESSES 
0010 99 WRAL L EQU LOW(10001B SHL LONG) 
100 
0001 101 TEST H EQU HIGH (06000H SHR A_BITS) 
0080 102 TEST L  EQU LOW(06000H SHR A_BITS) 
103 
104 SEJECT 
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< ASM51 > CROSS ASSEMBLER VER.2.5m ASSEMBLE LIST DATE: PAGE: 4 
CAT EEPROM - 8051 I/O ROUTINES 
LOC. OBJECT LINE STATEMENT C46S 16.ASM 
105 
---- 106 CSEG 0000 
107 ORG 0000 
108 
109 RK KERR KKK KKK KKK KKK AK KK KK KEKE KEKE KKK KERR KKK KEK EK KEKE KK EKER KKEKKKKKK 
110 : PROGRAM START 
111 RAKHI KKK EKER EEK EK KERR KK KEK KKK EKER KEKE KEK KEK EK KE EK KK KE KK EKER KKEKKEKKK 
112 
113 START: 
0000 02 00 30 114 JMP PSTINT ;Jump over Interupt routines 
115 
0030 116 ORG 0030H 
117 
118 PSTINT: | ;Program starting point 
0030 C2 93 119 CLR EESEL 7;Deselect the EEPROM 
0032 74 10 120 MOV A, #D BITS 7;Set the EEPROM ORG pin. 
0034 B4 08 02 [0039] 121 CUNE A,#8,ORG16 
122 ORG8B: 
0037 C2 94 123 CLR EEORG 
= 124 ORG16: 
0039 75 81 60 125 MOV SP, #STACK 7;Stack = 60H -- 7FH 
003C E4 126 CLR A ;Clear the RAM 
003D 78 7F 127 MOV RO, #7FH 
128 CLRLOP: 
OO3F F6 129 MOV @RO,A 
0040 D8 FD [OO3F] 130 DJNZ RO, CLRLOP 
131 
0042 11 93 [0093] 132 ACALL EN EE ;Enable the EEPROM for writing 
0044 11 C9 [00C9] 133 ACALL BLKERA ;Erase the EEPROM 
134 
0046 75 34 SA 135 MOV DATAL, #5AH sInit the store data registers 
0049 75 33 AS 136 MOV DATAH, #0A5H 
137 
138 STORE: 
004C 11 D6 [OOD6] 139 ACALL EE STR ;Store data to the EEPROM 
140 
OO0O4E 63 34 FF 141 XRL DATAL, #0FFH ;Complement the data located 
0051 63 33 FF 142 XRL DATAH, #0FFH 7 in DATAL and DATAH 
143 
0054 11 83 [0083] 144 ACALL INCADD ;Increment and test address 
0056 50 F4 [004C] 145 JNC STORE sNot finished store next addr. 
146 
147 READ: 
0058 31 02 [0102] 148 ACALL EE RD ;Read data from the EEPROM 
149 
COOSA E5 36 150 MOV A,R_DATL 7;Compare the EEPROM read data 
005C BS 34 14 [0073} 151 CJUNE A,DATAL, ERROR 
OOSF 30 94 05 [0067] 152 JNB EEORG, DATOK ;Data ok if in 8 bit mode. 
0062 ES 35 153 MOV A, R_DATH 
0064 B5 33 OC [0073] 154 CJNE A,DATAH, ERROR 
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< ASM51 > CROSS ASSEMBLER VER.2.5m 
CAT EEPROM - 8051 I/O ROUTINES 
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PAGE: 5 


C46S_16.ASM 


zyInc the cycle counter 


7;Complement the data located 
; in DATAL and DATAH 


;Data error, wait here 


y;Increment the cycle counter 


Each time all the EEPROM addresses 
are written and then read correctly 
the register ’CYCCNT’ is incremented 
by one. The counter is stored in 
‘BCD so that it can be read directly 
from data memory as a decimal number. 


KRKKKKKKKKEKKEKEKEEKKEKKEKKK KEKE KKK KKKRKEKKKEKKKKKKEKKKEKKKKKKEKKKKKEKKK KK KK 


"INCADD" 


KKK KKK EKER KEKE AK KK KIRK KKK KEKE KEKE KEKE EK KEKE KEKE KEK KEK EKER KK KEG 


Routine will increment the address located in the EE ADDR register 


the address is set to OOOH and 


data address 


Registers altered = AC, EE ADDR, C flag. 


LOC. OBJECT LINE STATEMENT 
155 DATOK: 
0067 11 83 [0083] 156 ACALL INCADD 
0069 40 OA [0075] 157 JC INCCYC 
158 
OO6B 63 34 FF 159 XRL DATAL, #OFFH 
OOGE 63 33 FF 160 XRL DATAH, #OFFH 
161 
0071 01 58 [0058] 162 AJMP READ 
163 
164 ERROR: 
0073 80 FE [0073] 165 SJMP ERROR 
166 
167 INCCYC: 
168 
0075 78 44 169 MOV RO, #CYCCNT 
0077 D3 170 SETB C 
0078 79 04 171 MOV R1, # (CYCCNT-CYCMAX)} 
172 NXT: 
OO7A E4 173 CLR A 7 
Q0O7B 36 174 ADDC A, @RO ; 
OO7C D4 175 DA A ; 
OO7D F6 176 MOV @RO,A ; 
OO7E 18 177 DEC RO ; 
OO7F DO FY [OO7A} 178 DJNZ R1,NXT : 
0081 O01 4C [004C] 179 AJMP STORE 
180 
181 : 
182 : Sobroutine 
183 ; 
184 
185 ; 
186 7; by one. If an overflow occures, 
187 7; the routine will return with the carry bit set. 
188 
189 ;ENTRY: EE ADDR register 
190 
191 r7EXITs EE ADDR = New data address 
192 : IF C = 1, then address was reset 
193 : Cc = 0, then increment was OK 
194 ‘ 
195 INCADD: 
0083 05 30 196 INC EE ADDR 
0085 E5 30 197 MOV A, EE ADDR 
0087 60 03 [O08C] - 198 JZ OVRFLO 
0089 B4 40 05 [0091] 199 CJNE A, #ADDMAX, INCOK 
200 OVRE LO: 
008C 75 30 00 201 MOV EE ADDR, #0 
OO8F D3 202 SETB C 
0090 22 203 RET 
204 INCOK: 
0091 ¢3 205 CLR C 
0092 22 206 RET 
207 
208 7END SUB 
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< ASM51 > CROSS ASSEMBLER VER.2.5m ASSEMBLE LIST DATE: PAGE: 6 
CAT EEPROM - 8051 I/O ROUTINES 
LOC. OBJECT LINE STATEMENT C46S_ 16.ASM 
209 RAKHI KKK EK RK K ERK RK KK KK KKK KKK RK RK KKK KEK KKK KEKE KEK KEKE RK KK KKK KG 
210 ; Soubroutine "EN EE" 
211 pK KK KKK KK IK IK KKK IKK KKK IKK KKK KK KK KKK KK EK KEKE KE KKKEKKEKKEKKHAK KKK KS 
212 
213 7 Routine will enable the EEPROM for data writing. 
214 
215 r;ENTRY: Nothing required 
216 
217 ;EXIT: Registers altered = INS_H, INS_L, and P1.3 
218 
219 EN EE: 
0093 75 31 01 220 MOV INS H, #EWEN H ;Store the Enable EEPROM write 
0096 75 32 30 221 MOV INS_L,#EWEN L ; instruction to the INS buffer. 
0099 11 B7 [00B7}] 222 ACALL MIRROR ;Swap the bits within the bytes 
223 ; to shift out. 
OO9B 11 AO [OOA0] 224 ACALL OUT16 
009D 02 O01 18 225 JMP LSTCLK 
226 
227 ; END SUB 
228 PRK RK KK ERK KK KEK KKK KEKE KKK KKK KEKE KKK KKK KEKE KKK EKER EK KEK EKER KK KEKKKKEKKEKK KS 
229 ; Subroutine sae © ee © Ms Ma ee ¢ M 4-0. UT 8" 
230 PRAEKKKKKKEKR KKK EKER KEK KERR KKK KEKE KEK KEK KKK EK KEK KEKE EK KKK KKK KE EKKKEKKKKKG 
231 
232 7 Routine will shift out the INS buffer to the EEPROM. 
233 
234 zENTRY: INS_H and INS _L must contain the EEPROM instruction 
235 ; and address {or data to send to EEPROM). 
236 
237 7EXIT: Registers altered = P1.3 
238 
239 OUT16: 
OOAO D2 B1 240 SETB SCLK 
OOA2 D2 93 241 SETB EESEL ;Enable the EEPROM. 
242 OUT16 2: 
OOA4 C2 99 243 ~ CLR TI 
QOOA6 85 31 99 244 MOV SBUF,INS H ;Shift out first 8 bits. 
245 WFRST8: a" 
OOA9 30 99 FD [O0A9] 246 JNB TI,WFRST8 
247 OUTS: ;When entering at OUT8, the 
248 ; EEPROM must already be selected. 
OOAC C2 99 249 CLR stay 
OOAE 85 32 99 250 MOV SBUF,INS_L ;Shift out last 8 bits. 
251 WLST8: 
OOB1 30 939 FD [00B1] 252 JNB TI,WLST8 
OOB4 C2 99 253 CLR TI 
OOB6 22 254 RET 
255 
256 7END SUB 
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AN-3 


< ASM51 > CROSS ASSEMBLER VER.2.5m 


CAT EEPROM -— 8051 I/O ROUTINES 
LOC. OBJECT 


OOB7 ES 
OOB9 79 


OOBB 13 
OOBC C5 
OOBE 33 
OOBF C5 
00C1 D9 
00C3 13 
00C4 C5 
00C6 FS 
O0C8B 22 


31 


32 


32 
F8 


32 
| 


[OOBB] 


LINE 


257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 


APPLICATION NOTE CATALYST 


ASSEMBLE LIST DATE: PAGE: 7 


STATEMENT C46S 16.ASM 


we “Se SMe Ws We VWs Ve Ws Ns Ve VWs Ve Ve 


ws Va 


KREKKKKKKKEKEKKKKKKKKEKKEKEKEKEKKKEKKEKEK KEE KK KEKEKKE KK KKKKKRKKEKKKKEKEKEKKKKEKRKEKKKKKKKK 


Subroutine OM TR Rk OR: 


KKEKKKKKKEKKKKKEKKKKKKKKEKKEKKEKKEKKKKKREKKKEEKKKEEKKKKREKKKKKRKKEKKEEKKKKKKKKK 
When shifting data out of the 8051, the data is shifted out LSB 


to MSB. When shifting data into the 8051, data is shifted in 
MSB to LSB. These routines were written to represent the 
EEPROM Instruction, address, and data in the same manner as 
presented the Catalyst data sheet, however this data must 
under go a bit swap (i.e. bit7 bit0O, bité bitl, and so 

on) just prior to shifting it out to accommodate the LSB 
first output shifting of the 8051. Since the 8051 will shift 
the data in MSB first, no swap is necessary when data is read 
from the EEPROM. 


ENTRY: INS_H, and INS _L = EPROM instruction plus address, or data 


EXIT: Both INS_H and INS _L have a MSB to LSB bit swap. 


Registers altered = AC, INS_H, INS L, Rl, and C flag. 


MIRROR: 
MOV A,INS _H 
MOV R1, #8 7Set up bit counter 

FIN M: 
RRC A rShift INS _H (AC) LSB into the 
XCH A,INS L ; LSB of INS_L while shifting the 
RLC A ; MSB of INS L into the MSB of 
XCH A,INS _L ; INS_H (AC). 
DJNZ R1,FIN M ;Check the bit counter. 
RRC A rShift last bit into INS _L 
XCH A,INS_L ;Store the swapped INS L to INS L. 
MOV INS_H,A ;Store the swapped INS H to INS H. 
RET 

7 END SUB 


CATALYST APPLICATION NOTE AN-3 





< ASM51 > CROSS ASSEMBLER VER.2.5m ASSEMBLE LIST DATE: PAGE: 8 
CAT EEPROM ~— 8051 I/O ROUTINES 
LOC. OBJECT LINE STATEMENT C46S_ 16.ASM 
292 PEAKE KEKE EK EK KEK ERE EK KEKE RK EK EKER KK EK KKK KKK KEK EK EK KK KEK KK KKKK KK KK 
293 : Subroutine "BLKERA" 
294 pe KKK KK KK KK KKK KIKI KKK KK KK KK KK KEK KK IK KKK IKKE KEKEKKE KK KK KKK KK KK 
295 
296 ; Routine will erase the entire EEPROM memory 
297 
298 sENTRY: Nothing required 
299 
300 EXIT: Registers altered = INS H, and INS L 
301 
302 BLKERA?: 
00c9 75 31 O01 303 MOV INS_H, #ERAL H 7;Store the Erase ALL instruction 
oocc 75 32 20 304 MOV INS_L,#ERAL_L ; to the INS buffer. 
OOCF 11 B7 {[O0B7] 305 ACALL MIRROR ;Swap the bits within the bytes 
306 ; to shift out. 
0OD1 11 AO [OOA0}] 307 ACALL OUT16 
00OD3 02 00 EE 308 JMP OUTRET 
309 
310 7END SUB 
311 PRAK KKK KEK KEKE KEK EKER KKK KKK KEKE KEKE KKK KER KEK KEKE KEK KR KK EK KK KEK KEKKK KEKE EK 
312 ; Subroutine "EE STR 
313 PRARKKKKK EKER KK KK EKER KKK KEK EKER KK KK KK KEKE KK KK EK KEK KEK EK KEK EK KEK EKEKKKKKKK KEK 
314 
315 ; Routine will store the data located in DATAH and DATAL into 
316 ; the EEPROM at the location pointed to by EE ADDR. In 8 bit 
317 7; data mode only DATAL will be stored to the EEPROM. 
318 
319 ; NOTE: The EEPROM must be write enabled. 
320 
321 ; ENTRY: EE ADDR = address in EEPROM to store the data 
322 : DATAH, and DATAL = the data to store to EEPROM 
323 
324 ; EXIT: Registered altered = AC, INS_H, INS_L, and P1.3 
325 
326 
327 EE STR: 
OOD6 75 31 O01 328 MOV INS_H, #WRITE_H ;Store the write instruction 
OOD9 74 40 329 MOV A,#WRITE_L ; plus address to the INS 
OODB 45 30 330 ORL A, EE_ADDR ; register. 
OODD F5 32 331 MOV INS L,A 
OODF 11 B7 [00B7] 332 ACALL MIRROR ;Swap the bits within the bytes 
333 7; to shift out. 
OOE1 11 AO [OOA0} 334 ACALL OUT16 ;Shift out the instruction. 
OOE3 85 33 31 335 MOV INS H, DATAH 
OOE6 85 34 32 336 MOV INS _L,DATAL 
OOE9 30 94 12 [OOFE] 337 JNB EEORG, ONLY8 
338 ALL16: 
OOEC 11 A4 [O0A4] 339 ACALL OUT16 2 ;Shift out the DATA. 
340 OUTRET: : 
QOOEE C2 Bl 341 CLR SCLK 7Falling edge of last clock 
OOFO C2 93 342 CLR EESEL 7Deselect the EEPROM. 
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AN-3 APPLICATION NOTE CATALYST 


< ASM51 > CROSS ASSEMBLER VER.2.5m ASSEMBLE LIST DATE: PAGE: 9 
CAT EEPROM - 8051 I/O ROUTINES 
LOC. OBJECT LINE STATEMENT C46S_ 16.ASM 
OOF2 D2 93 343 SETB EESEL ;Check if EEPROM is ready for 
344 WAITRDY: ; the next operation. 
OOF4 30 BO FD [OOF 4] 345 JNB EESTAT, WAITRDY 
OOF7 D2 Bl 346 SETB SCLK 7Put DO pin of EEPROM in 
OOF9 C2 Bl 347 CLR SCLK 7; high Z state, 
OOFB C2 93 348 CLR EESEL 
OOFD 22 349 RET 
350 ONLY8: 
OOFE 11 AC [OOAC] 351 ACALL OUTS8 
0100 80 EC [OOEE] 352 JMP OUTRET 
353 
354 7END SUB 
355 FERRER RE RKEKR EK KKK EK EKER EKER KEKE KKK KK KEK KKK KEKE KK EK EKER KK KEK KEKEK EK KKK 
356 : Subroutine eB E RD" 
357 BK RK RIKKI RTH RIKI RIK RRR RK KK RK RK RR RAKE RK REI K EKA ER ERK KEK 
358 
359 ; Routine will read the data located the EEPROM address specified 
360 7 by EE ADDR onto registers R_DATH and R_DATL. If in the 8 bit 
361 ; data mode, data is read into the R_DATL register. 
362 
363 ; ENTRY: EE ADDR = address in EEPROM to read the data 
364 
365 ; EXIT: R_DATH, and RDATL = data read from the EEPROM 
366 : Registered altered = AC, INS H, INS_L, R_DATH, R_DATL 
367 7 P3.1 and P1.3 
368 
369 
370 EE_ RD: 
0102 75 31 01 Sit MOV INS_H,#READ_ H ;Store the read instruction 
0105 74 80 372 MOV A, #READ_L 7; plus the address to the 
0107 45 30 373 ORL A,EE_ ADDR ; INS register. 
0109 F5 32 374 MOV INS _L,A 
010B 11 B7 [00B7} 375 ACALL MIRROR ;Swap the bits within the bytes 
376 7; to shift out. 
010D 11 AO [OOA0]} 377 ACALL OUT16 7Send the instruction. 
O10F C2 Bl 378 CLR SCLK 7Send an extra clock to clear 
0111 D2 Bil 379 SETB SCLK ; the dummy zero from the EEPROM. 
0113 30 94 07 [011D} 380 JNB EEORG, I_ONLY8 
381 I_ALL16: 
0116 31 21 [0121] 382 ACALL IN16 ;Read the data from EEPROM. 
383 LSTCLK: 
0118 C2 Bl 384 CLR SCLK ;Falling edge of last clock 
O11A C2 93 385 CLR EESEL 7;Deselect the EEPROM 
011C 22 386 RET 
387 I_ONLY8: 
011D 31 2B [012B] 388 ACALL IN8 
011F 80 F7 [0118] 389 JMP LSTCLK 
390 7END SUB 
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CATALYST APPLICATION NOTE AN-3 


< ASM51 > CROSS ASSEMBLER VER.2.5m ASSEMBLE LIST DATE: PAGE: 10 
CAT EEPROM — 8051 I/O ROUTINES 
LOC. OBJECT LINE STATEMENT C46S 16.ASM 
39] PRR KK KK KK KK KEKE KK EK KK KKK KKK KEKE EK KEK EKER EK EKER KEKE KKK KERR KE KEKEKEKKKKKKKK 
392 ; Subroutine Mls, ON SG ge ET NS OY 
393 PRA RKERE KKK KEKE KKK RE KKKK EKER KKK KEKE KKK EKER KEKE KEK KK KEKE EREKKKKKE 
394 
395 
396 7 Routine will shift into the R_DATH, and R_DATL buffer 
397 7; the data from EEPROM. If 8 bit data mode is selected, the 
398 ; data is shifted into R_DATL. 
399 
400 7;ENTRY: Nothting required 
401 
402 rEXIT: R_DATH, and RDATL = EEPROM read data. 
403 ; Registers altered = R_DATH, and R_DATL 
404 
405 IN16: 
0121 C2 98 406 CLR RI ;Reset the receive done flag. 
0123 D2 9C 407 SETB REN ;Enable serial input. 
408 R W1STS8: 
0125 30 98 FD [0125] 409 JNB RI,R W1ST8 Wait for the first 8 bits. 
0128 85 99 35 410 MOV R_DATH, SBUF ;Store first byte to memory. 
411 
412 IN8: 
012B C2 38 413 CLR RI ;Reset the receive done flag. 
012D D2 9C 414 SETB REN 
415 R_WLST8: 
012F 30 98 FD [012F] 416 JNB RI,R_WLST8 ;Wait for last 8 bits. 
0132 85 99 36 417 MOV R_DATL, SBUF ;Store last byte to memory. 
0135 C2 9¢ 418 CLR REN ;Disable serial input. 
0137 C2 98 419 CLR RI 
0139 22 420 RET 
421. 
422 7END SUB 
423 PRRKKKRKKEKKEKEK KEKE KER REE KEKE EK KER KEKE KK KK KEK KEK KKREK ER KKKK KEKE KK KEK KEKE KKKKKKE 
424 
425 END 


ASSEMBLY END , ERRORS:0 
LAST CODE ADDRESS:0139 





6-21 


6-22 


PACKAGING INFORMATION 


PACKAGE INFORMATION 





PACKAGING INFORMATION CATALYST 


GENERAL ORDERING INFORMATION 


Cra | tment] oe 


CAT 28C64A P iI -20 


fon 


Temperature Range 





None = Commercial (0° to 70° C) 
| = Industrial (-40° to 85° C) 







Package 






D = CERDIP 
K = Small Outline 
N = PLCC 

P = Plastic DIP 
















Device part number , may be followed by: 






A = Advanced device 
L = Low power device 






Device used in the example above is a CAT28C64API-20 (Plastic DIP, Industrial temp., 200 ns access time) 
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CATALYST PACKAGE DIAGRAMS 


8 PIN PLASTIC DIP 


0.37 (9.39) 
0.35 ey 85) 


Bonet, inches (mm) 
0.308 (7.82) 
0.065 (1. oa) 0.292 (7.42) 


0.055 (1.40) So 


rey | 
ci 0.149 (3.77) 
EET (3.17) 


0.02.0 (0.50)_ ls] 0-112 (2.84) 
0.016 (0.40 ps] 211228 
( i i 0.364 maroon 26) 


0.324 (8.26) 





18 PIN PLASTIC DIP 


0.897 (22.800) 


0.835 (21.200) nenes mn) 
am Lb] 


0.261 (6.650) 
0.234 (5.950) 


0.314 (7.970) 
0.286 (7.270) 


0.020 (0.508) MIN | | 





0.199 (5.060) MAX 4 
0.098 (2.500) MIN IL 
Pht hk,  saraeae 
0.370 (9.398) 
0.065 (1.650) 0.330 (8.382) 


0.037 (0.950 
(0.950) 0.028 : 580) 0.11 al 790) 
0.015 (0.381) 0.09 (2.290) 
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PACKAGE DIAGRAMS CATALYST 


8 PIN S.O. DIP 


0.213 (5.4) 
0.205 (5.2) Inches (mm) 


Dimensional tolerance unless 
otherwise specified is +/- 0.0039 (0.1) 











0.012 (0.30) 
——> 


0.008 (0.20) 


0.08 (2.03) Max. 


| 0.259 (6.60) = 0.025 (0.65) 


0.303 (7.7) 
0.318 (8.1) 


R 0.006 (0.15) 





0.210 (5.35) 
0.205 (5.15) 











0.054 (1.3 0.0267 (0.68) 
0.046 (1.17) 0.0303 (0.77) 
Mount Pad Layout 
0.0137 (0.35) 
0.0177 (0.45) ‘iia ss (0.760) Typ. 


0.05 (1.270) Typ. 


OOO EE OOOO KN MEE OKI IOI) 


0.299 (7.620) 





A= 0.049 (1.27) 
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CATALYST PACKAGE DIAGRAMS 


22 PIN PLASTIC DIP 


1.08 (27.93) 
1.10 (27.43) 


0.300 (7.11) 
0.280 (7.61) 


0.330 (8.37 
0.310 (7.87) 


0.022 (.55) ae 


0.018 (.45) 


0.170 (4. aT 

0.130 (3.30) Cea 0.023 (0.6) 

0.140 (3.55) Cea MAX 

0.120 (3.05) <——_—+ 


0.365 (9.26) 


0.065 (1.64) md 0.50 | Z 0.112 (2.84) 0.325 (8.26) 


coett 055 (1.40) 0.016 (0. (0.40) 0.088 (2.24) 





24 PIN PLASTIC DIP 


1.260 (32.004) 


ee Inches (mm) 
1 213 (30.800 ) 


550 (13 970) 
"530 (13 .462) 


610 (15 .494 ) 
— eae 986 ‘ 


.065 (1.651) 





(015 (0. 381 ) 
220 (5 .588 ) 
170 (4.318 ) 
160 (4 .064 ) 


125 (3. 175) 
aa | _.670 (17.018) | 


630 (16 . 002) 


065 (1.651) .020 (0 .508 ) “4, - 
040(1.016) .015 (0.381 ) .090 (2 .286 ) 
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PACKAGE DIAGRAMS CATALYST 


28 PIN PLASTIC DIP 


1.470 (37.338 ) Inches (mm) 
1.487 (36.500 ) 


a 


550 (13 970) 
“530 (13 462) 


L 


065 (1.651) 610 (15 .494 ) 


OIE (0381 0381 esac 986 ) 
.220 (5 .588 TTTTTTTTTTTTT | 


170 (4.318) 


160 (4 .064 ) 
125 (8. 175 


zi 651) at 508 ) ak 7  e70117..018) | 018) 
040(1.016) .015(0.381) 090 (2.286) 630 (16. 002) 





28 PIN CERDIP 


1.485 (37.719 ) aoe 
1.435 (36.449 ) ‘ nehes (mm) 
600 (15.240) [ i 
5i5(i3 081) | a, 
oS 
— 


.015 (0.381 ) 
= | 
.187 (4.750 | Rea 
.145 (3.683 | Repos 


125 (3.175) 


Min. 
[—\ 675 me 145 ) | 


065 (1.651) - 508 ) “. 7 
040(1.016) .015(0.381) 090 (2 .286 ) 
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CATALYST PACKAGE DIAGRAMS 


32 PIN PLCC 


0.485 (12.31) 
0.495 (12.57) 


0.453 (11.50) 0.049 (1.24) 


0.523 (13.28) 
0.517 (13.13) 


0.139 (5.53) 
0.133 (3.37) 


050 (1.27) f 


0.553 (14.04) 
0.547 (13.89) 


0.595 (15.11) 
0.585 (14.86) 
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PACKAGE DIAGRAMS CATALYST 


40 PIN PLASTIC DIP 


2.070 (52.578) 


| 2.034 (51.676) | 
NOOO OOOOH 









a 


550 (13 .970) 
“530 (13 .462) 


610 (15 .494 ) 
-590 (14 . 986 ) 


065 (1.651) | | 
220 (5 .588 ) 015 (0. 381 |) a 
“170 (4.318) 





160 (4 .064 ) 


125 (3. 175 : 
| P an 7 7 | 670 (17 .018)| 
630 (16 . 002 ) 


.065 (1. 651) .020 (0 .508 ) .110 (2 .794 ) 
.040(1.016) .015 (0.381 ) .090 (2 .286 ) 


40 PIN CERDIP 


2.080 (52.832) 
2.030 (51.562) 
600 (15 .240) — 


15 (1S 81) | 
Lo 
625 (15 .875 ) 


0.232 (5.893) Max. Min. 


187 (4.750 
145 (8.683 ) 


125 (3. 175) 


cool VIWTTIT ITIL IT TT 
fj Pages 


Ref. 
.065 (1. 651) .020 (0 .508 ) .110 (2 .794 ) 
.040 (1. 0716 ) .016 (0 .406 ) .090 (2 .286 ) 
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CATALYST PACKAGE DIAGRAMS 


44 PIN PLCC 


0.697 (17.70) 
0.681 (17.30) 


0.655 (16.65) 


0.650 (16.50) 0.098 (2.49) Nom. 
NOOO 


0.626 (15.90) 
0.620 (15.75) 


138 (3.50) 

32 (3.35) 
0.176 (4.47) 
0.170 (4.32) 


.050 (1.27) Ps 


Typ. 
a 0.695 (17.653) 


0.685 (17.399) 
017 (.432) L 


| 0.656 (16.66) 
0.650 (16.50) 


7“ Diba oaoaodes 
EE 
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PACKAGE DIAGRAMS CATALYST 


DIE PRODUCTS 


A number of CATALYST SEMICONDUCTOR’s products are available for purchase in die form. 


Please contact the factory or your local CATALYST SEMICONDUCTOR, INC. representative for 
additional information. 


CROSS REFERENCE 





CROSS REFERENCE 








CATALYST CROSS REFERENCE 
NVRAMS 
CATALYST PART NUMBER PART ALTERNATE TECHNOLOGY PINS 
AND DESCRIPTION NUMBER SOURCE 
CAT22C10 CAT22C10 CMOS 18 
256-Bit (64x4) 
Non-Volatile CMOS 
Static RAM 
NCR52210 NCR SNOS 18 
X2210 XICOR NMOS 18 
CAT22C12 CAT22C12 CMOS 18 
1024-Bit (256X4) 
Non-Volatile CMOS 
Static RAM 
NCR52212 NCR SNOS 18 
X2212 XICOR NMOS 18 
CAT24C44 CAT24C44 CMOS 8 
256-Bit (16x16) 
Non-Volatile Serial 
CMOS Static RAM 
X2444 XICOR NMOS 8 








CROSS REFERENCE CATALYST 
EEPROMS 
CATALYST PART NUMBER PART ALTERNATE TECHNOLOGY PINS 
AND DESCRIPTION NUMBER SOURCE 

CAT28C16A CAT28C16A CMOS 24 

2Kx8 CMOS 

EEPROM 
2816A INTEL/SEEQ NMOS 24 
X2816A XICOR NMOS 24 
28016 ATMEL CMOS 24 
XL2816A EXEL NMOS 24 
TS28C16A THOMSON CMOS 24 
KM2816A SAMSUNG NMOS 24 
NMC2816 NATIONAL NMOS 24 
M2816 SGS NMOS 24 
MSM2816A OKl NMOS 24 
R2816A ROCKWELL NMOS 24 

CAT28C17A CAT28C17A CMOS 28 

2Kx8 CMOS 

EEPROM 
2817A INTEL/SEEQ NMOS 28 
28017 ATMEL CMOS 28 
AM2817A AMD NMOS 28 
TS28C017A THOMSON CMOS 28 
KM2817A SAMSUNG NMOS 28 

CAT28C64A CAT28C64A CMOS 28 

8Kx8 CMOS 

EEPROM 
2004 INL HMOS 28 
X2864A XICOR NMOS 28 
28C64A ATMEL CMOS 28 
2864A SEEQ NMOS 28 
AM2864A AMD NMOS 28 
XL2864A EXEL NMOS 28 
MSM2864A OKl NMOS 28 
HN58064 HITACHI NMOS 28 


CATALYST CROSS REFERENCE ~ 





EEPROMS 
CATALYST PART NUMBER PART ALTERNATE TECHNOLOGY PINS 
AND DESCRIPTION NUMBER SOURCE 

CAT93C46 (1) CAT93C46 CMOS 8 

1K-Bit Serial 

EEPROM 
NMC9346/COP495 NATIONAL NMOS 8 
93C46 ICT CMOS 8 
HY93C46 HYUNDAI CMOS 8 
MSM16811 OKI (1) CMOS 8 
TS93C46 THOMSON (1) CMOS 8 
$C22011 SIERRA CMOS 8 
NCR59308 NCR SNOS 8 

CAT59C11A CAT59C11A CMOS 8 

1K-Bit Serial 

EEPROM 
ER5911 Gl SNOS 8 
MSM16911 OKI (1) CMOS 8 
TS59C11 THOMSON (1) CMOS 8 

CAT35C102 (2) CAT35C102 CMOS 8 

2K-Bit Serial 

EEPROM 

CAT35C202 (2) CAT35C202 CMOS 8 

2K Bit Serial 

EEPROM 
ER5912 Gl (2) SNOS 8 





(1) User selectable organization: 64x16 or 128x8 
(2) User selectable organization: 128x16 or 256x8 


CROSS REFERENCE CATALYST 


ONE-TIME PROGRAMMABLE EPROMS 





CATALYST PART NUMBER PART ALTERNATE TECHNOLOGY PINS 
AND DESCRIPTION NUMBER SOURCE 
CAT2764A CAT2764A NMOS 28 
8Kx8 EPROM 
Vpp = 12.5V 
P2764A INTEL NMOS 28 
AM2764A AMD NMOS 28 
TMS27P64 Tl NMOS 28 
MSM2764 OKI NMOS 28 
uPD2764 NEC NMOS 28 
TMM2764 TOSHIBA NMOS 28 
CAT27128A CAT27128A NMOS 28 
16Kx8 EPROM | 
Vpp = 12.5V 7 
P27128A INTEL NMOS 28 
AM27128A AMD NMOS 28 
MSM27128 OKI NMOS 28 
uPD27128 NEC NMOS 28 
CAT27256 CAT27256 NMOS 28 
32Kx8 EPROM 
Vpp = 12.5V 
P27257 INTEL NMOS 28 
AM27256 AMD NMOS 28 
MoMc/ coo OKI NMOS Pde 
CAT27512 CAT27512 NMOS 28 
64Kx8 EPROM 
Vpp = 12.5V 
AM27512 AMD NMOS 28 
MSM27512 OKI NMOS 28 
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CATALYST CROSS REFERENCE 


SRAMS 
CATALYST PART NUMBER PART ALTERNATE TECHNOLOGY PINS 
AND DESCRIPTION NUMBER SOURCE 

CAT71C88 CAT71C88 CMOS 22 

16Kx4 CMOS 

FAST Static RAM 
MSM5188US OKI CMOS 20 
AM99C164 AMD CMOS 22 
CY7C164 CYPRESS CMOS 22 
IMS1620 INMOS CMOS 20 
SR64K4 LATTICE CMOS 29 
MCM6288 MOTOROLA CMOS 22 
uPD4362 NEC CMOS 22 
IDT7188 IDT CMOS 22 
VT64KS4 VT CMOS 20 

CAT71C256 CAT71C256 CMOS 28 

32Kx8 CMOS 

Static RAM 
MSM51257RS/Ru OKI CMOS 28 
HM62256 HITACHI CMOS 28 
MB84256 FUJITSU CMOS 28 
TC53257 TOSHIBA CMOS 28 
MS5M5256 MITSUBISH! — MixMOS 28 

CAT71C256L CAT71C256L CMOS 28 

32Kx8 CMOS 

Static RAM 
MSM51257LRSWS OKI CMOS 28 
HM62256 HITACHI CMOS 28 
MB84256 FUJITSU CMOS 28 
TC53257 TOSHIBA CMOS 28 
MS5M5256 MITSUBISHI — MixMOS 28 
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ARTICLE REPRINTS 
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HOW LINEAR IC DESIGNERS ARE BUILDING DENSER CHIPS/67 
EXECUTIVE OUTLOOK: NO SLOWDOWN IN TECHNOLOGY/86 


SMART CARD 
WILL IT CREATE 

A BILLION DOLLAR 
ic BUSINE ? once 55 


CATALYST iS BETTING ON IT WITH 
ITS MICROCONTROLLER CHIP pace 59 





TECHNOLOGY TO WATCH 








DOES CATALYST HAVE 


THE KEY TO SMART CARDS? 


tiny but powerful microcontroller from 
Catalyst Semiconductor Inc. may be 
the key that will unlock a worldwide 
billion-dollar business in smart-card 
chips. Measuring 4.5 by 5 mils by only 200 wm 
thick, the CAT61C580 chip is small enough to 
meet size requirements set by the International 
Organization for Standardization for smart-card 
applications, yet it packs 2-K bytes of electrically 
erasable, programmable read-only memory. 
That’s at least four times the EEPROM of any 
other ISO-compliant smart-card chip now avail- 
able using the same 2-um CMOS design rules. 

The Santa Clara, Calif., company achieved this 
density by stripping away the peripheral logic 
around the EEPROM and writing these functions 
into microcode. That left plenty of room for the 
2-K bytes of EEPROM, and the chip is still about 
30% smaller than competing devices that have 
only a fourth or less memory. What’s more, Cat- 
alyst is working on an 8-K-byte chip, which will 
be made by shrinking the cur- 
rent 220-um? EEPROM cell size to 
80 um? with a combination of 
proprietary design refinements 
and 1.5-4m geometries. The 
CAT61C580 is just being re- 
leased; the 8-K-byte chip should 
be available next vear. 

Working in conjunction with 
joint developer Oki Electric Co., 
Tokyo, Catalyst designers modi- 
fied an Oki microcontroller by 
adding a programmable logic ar- 
ray and 2-K bytes of EEPROM. 
(Fig. 1). They also managed to 
squeeze in 38-K bytes of ROM, 128 
bytes of random-access memory, 
and enough  electrostatic-dis- 
charge-protection circuitry to 
protect the chip from up to 
15,000 kv, enough to protect 
against the static electricity gen- 
erated by removing a credit card 
from a pocket or a billfold. 

In addition, the CAT61C580 op- 
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4. LITTLE GIANT. Catalyst’s 8-bit micro- 
controller is tiny enough for use in smart 
cards, yet it has an elephant’s memory. 
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Catalyst Semiconductor thinks that its 


new chip, which meets ISO smart-card 
standards and has 2-K bytes of EEPROM, 
could finally open up the market 














erates at the ISO-recommended frequency of 4.9 
MHz with a high-speed instruction-cycle time of 
813.8 ns, allowing it to run at the ISO’s recom- 
mended 9,600 baud through a single serial input/ 
output pin. Power dissipation of the 8-bit chip is 
only 20 mw. 

The architecture of the chip allows asynchro- 
nous, two-way communications through a single 
serial I/O pin. This eliminates the need for a 
universal asynchronous receiver/transmitter and 
an interrupt, reducing the number of pins to 
only five—one third to one half of what’s re- 
quired in other approaches. 


A TANTALIZING IDEA 


The idea of EEPROM-based microcontrollers 
has long captured designers’ imaginations be- 
cause of the wide range of applications—not 
only for smart cards, but also for robotics, artifi- 
cial intelligence, industrial controls, consumer 
products, and more. But so far, applications have 
been limited to a small number of niche markets 
for controllers, because of the small amount of 
EEPROM that could economically share the same 
chip as the microcontroller. Smart cards are one 
application that promises to allow EEPROM-based 
microcontrollers to break out of their niche; now 
that such a powerful chip that meets ISO smart- 
card standards exists, that breakout could be 
imminent. And with the increased memory that 
is promised, the chips will have a crack at the 
full range of potential microcontroller markets. 

Catalyst president and founder B.K. Marya 
claims his is the only chip that meets, and in 
some cases exceeds, all of the ISO requirements 
for smart-card applications, including area, thick- 
ness, electrostatic discharge, power dissipation, 
and speed. Of these, the first three are the most 
critical, he says. 

“The thickness must be no more than that of a 
standard credit card, 200 um. And the area must 
not only be 5 by 5 mils or less, but [the chip 
must] be as square as possible, to prevent the 
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2. ATTRACTIVE SWAP. By writing the latch, timer, and test logic functions into microcode, Catalyst 
designers were able to free up more than enough room on the chip for 2-K bytes of EEPROM. 





possibility of breakage when the card is bent. In 
addition, the chip must be capable of withstand- 
ing the electrostatic discharge that builds up tak- 
ing credit cards in and out of pockets and wal- 
lets.” This buildup has been measured in excess 
of 10 kv, he says. 

The 2-K-byte chip is aimed at a projected near- 
term market for smart cards that some estimate 
to be worth hundreds of millions of dollars (see 
p. 55). In a typical smart-card transaction, a card 
holder puts the card in a point-of-sale terminal. 
The terminal supplies the card with electric pow- 
er and communicates to the card’s microcon- 
troller through pin contacts on the card’s sur- 
face. The user is asked to enter a password. 
When the sale is rung up, the amount of the 
transaction is stored in the card’s EEPROM, cred- 
ited to the retailer’s account, and debited from 
the card holder’s credit balance, which is also 
stored in the card’s memory. The card holder can 
replenish the credit balance at an automatic- 
banking machine. 

What has held back the development of the 
EEPROM-based microcontroller market, Marya 
says, 1s the fact that, although stand-alone EE- 
PROM parts of 16-K, 64-K, and 256-K densities are 
becoming commonplace, EEPROM-based microcon- 
troller densities have trailed the stand-alone den- 
sities by at least four generations. 

One way to achieve more on-board EEPROM is 
to advance the processing state of the art: scal- 
ing down the lateral dimensions from geometries 
between 2 and 3 ym to between 1.25 and 1.5 um, 
and the vertical dimensions on the EEPROM from 
150 to 250 A down to 80 to 90 A, which comes 
close to the limits at which EEPROMs operate 
reliably. The problem with this, says Marya, is 
that it requires manufacturers to push the pro- 
cess technology for microcontrollers beyond 
what is currently available even for stand-alone 
EEPROMs. And although such an advance is tech- 
nically feasible for the high-volume applications 
that could use such large EEPROM/microcon- 
troller combinations, the 
high cost of manufactur- 
ing such devices rules out 
their use. Marya _ says 
there is also the problem 
of reliability, which is crit- 
ical for smart cards, 
where data integrity and 
security are important. So 
to make room for more 
EEPROM, Catalyst replaced 
the peripheral-function cir- 

cuitry with microcode. 
aaneee To get 2-K bytes of EE- 
PROM into an ISO-standard 
smart-card chip, says 
Marya, ‘‘what is required 
is a fundamental rethink- 
ing of the architecture of 
EEPROM-based microcon- 
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trollers. Basically, most 
current implementations 
are ‘brute-force’ affairs 
combining the functions 
of an EEPROM and a mi- 
crocontroller on the same 
chip, without any modifi- 
cation whatsoever.” 

By writing the func- 
tions of the EEPROM’s pe- 
ripheral logic into micro- 
code, Catalyst has freed 
up real estate for more 
EEPROM. “Essentially, we 
have taken a standard EE- 
PROM device, stripped off 
such peripheral circuitry as the latches, timers, 
and self-test logic, and incorporated these func- 
tions into the microcode of the on-board 8-bit 
microcontroller (Fig. 2), resulting in a 5-by-4.5- 
mm die size,’ says Marya. To achieve these 
breakthroughs, Catalyst designers came up with 
an architecture that differs from standard sin- 
gle-chip EEPROM/CPU implementations in five 
fundamental ways. 

First, even though it uses the same 200- to 
250-um? cell structure as the CPU, the 2-K-byte 
EEPROM takes up only half the area of the 
microcontroller. Second, the microcontroller’s mi- 
crocode has been expanded to include the latch, 
timing, and test functions usually associated 
with the operation of the EEPROM. Although this 
increases the area occupied by the microcode by 
5%, eliminating the peripherals from the EEPROM 
circuitry saves 20% of the EEPROM’s space. 

Third, the bus architecture has been simpli- 
fied. In the traditional one- and two-chip ap- 
proach (Fig. 3a), at least six separate data, ad- 
dress, and control lines link the EEPROM and the 
CPU. Moreover, Marya says, the user has to pro- 
vide necessary waveforms on control pins WE, 
OE, and CE, along with the valid data and ad- 
dress. The completion of programming is sig- 
naled via the RDY/BUSY pin, which has to be 
monitored . by the microcontroller. In the 
CAT61C580, the interface between the CPU and 
the EEPROM is reduced to a three-bus structure 
(Fig. 8b), because the EEPROM’s hard-wired latch- 
es and timer are eliminated. In addition, testing 
_of the EEPROM is done internally, eliminating the 
need for test pads. 

Fourth, the addressing scheme has been modi- 
fied, says Marya, in that the EEPROM is above 
the ROM address space but, unlike the ROM, it is 
addressed through RAM. The addressing scheme 
is made efficient by eliminating page boundaries 
and providing both direct and indirect addressing 
of the RAM. 

Finally, two additional registers have been 
added to the basic architecture: a B register to 
enhance the arithmetic logic unit’s computation- 
intensive tasks, and a D register, which can be 
auto-incremented or -decremented to enhance the 
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3. SIMPLIFIED BUS. By eliminating latches, timers, and test logic, the complex bus structure of 
a standard EEPROM-based chip (a) is replaced with a simpler three-bus arrangement (b). 


speed of the RAM’s read and write operations. 
The 128-by-8-bit RAM provides 32 levels of nest- 
ing, and it can be used as a stack for pop and 
push operations. 


WHAT’S IN THE MICROCODE 


Most of the read, write, and erase functions 
are performed using two simple move commands 
incorporated into the CPU’s microcode, MOV, and 
MOV,. The first command transfers data from 
the internal RAM to the EEPROM, erasing previ- 
ous data after receiving the appropriate 24-bit 
security code. The second command reads data 
out of the EEPROM locations and into the RAM. 
With these commands, EEPROM programming is 
made totally transparent to the user. “This 
transparency adds an additional level of security 
and reliability, since, unlike other implementa- 
tions, the actual mechanism of writing into EE- 
PROM is never revealed to the user,’ says Marya. 

In addition to these special instructions, there 
are the 95 other housekeeping commands usually 
incorporated into a microcontroller: 55 one-byte 
instructions, 35 two-byte instructions, and 5 
three-byte instructions. However, the instruc- 
tions have been modified to reflect the chip’s use 
in smart-card applications. The large number and 
smaller width of instructions provide more pro- 
gramming power to the user, and that’s impor- 
tant in smart cards, where programming space 
is limited to on-board ROM, says Marya. 

Security is also essential for smart-card appli- 
cations, because the user stores important finan- 
cial and personal information in the card’s EE- 
PROM. So Catalyst designers incorporated a set 
of special instructions into the microcode and a 
program into the on-board ROM that allows a 
three-level security scheme. “In a credit card 
application, this would make it possible not only 
for the primary user, say the financial institu- 
tion, such as MasterCard or Visa, to have an 
access code, but the issuing bank and the individ- 
ual card user as well—the first incorporated into 
the nonerasable ROM when the chip is sold to the 
issuing institution, and the other two inserted 
into the EEPROM when the card is issued to a 
customer,” says Marya. “In any transaction, all 
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three codes must be matched before any infor- 
mation is revealed to the user or any data is 
changed on the card—the first two between the 
card and the machine automatically, and the 
third by the user on request.” 

The high voltage for erasing and program- 
ming the EEPROM cell is generated on the 
CAT61C580, so the chip needs only a single pow- 
er supply of 5 V. Fabricated with a 2-4m EEPROM 
process, which combines a 2-um CMOS logic pro- 
cess with a conventional high-voltage two-tran- 
sistor, floating-gate tunnel-oxide EEPROM pro- 
cess, the chip’s EEPROM is specified for 10,000 
program-erase cycles and 10 years of data reten- 
tion. The process uses dual oxides—a thin oxide 
to obtain high-speed EEPROM read capability and 
a thicker oxide to withstand the 21 V required 
for erasing and programming the cell. 

In this scheme, Marya says, the user can 
change his code at regular intervals, as can the 
issuing institution via the automatic teller ma- 
chine. Also, the card-reading machine can be pro- 
grammed to disqualify the card after a certain 
number of unsuccessful attempts to enter the 
code. In addition, he says, further levels of secu- 
rity can be incorporated into the EEPROM, such 
as specifying several individuals who are autho- 
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rized to use the card, and their credit limits. 
Catalyst is evaluating a number of strategies 
to take advantage of planned second-generation 
improvements. First, implementing the 2-k-byte 
architecture in 1.5-~4m CMOS and using the 80- 
um* cell that is now under development will re- 
duce the die size of 2-K-byte devices by as much 
as 50%, while increasing the number of dice per 
wafer and lowering the cost of the finished de- 
vices. Alternatively, the same process improve- 
ments will allow an increase in EEPROM array 
capacity from 2-K bytes to 8-K bytes without sub- 
stantially increasing the present die size. Finally, 
Marya says, the enhancements will allow fabri- 
cation of 16-bit microcontrollers with as much as 
32-K bytes of EEPROM, opening a host of applica- 
tion areas that require real-time response, such 
as artificial intelligence, robotics, and high-per- 
formance industrial and military controllers. O 


TECHNOLOGY TO WATCH is a regular feature of 
Electronics that provides readers with exclu- 
sive, in-depth reports on important technical 
annovations from companies around the 
world. It covers significant technology, process- 
es, and developments incorporated in major 
new products. 





Reprinted from ELECTRONICS, December 18, 1986, copyright 1986 by McGraw-Hill, Inc. with all rights reserved. 
Additional reprints may be ordered by calling Electronics Reprint Department (609) 426-5494. 





ELECTRONICS SPECIAL REPORT 








THE CHANGING FACE OF 
NONVOLATILE MEMORIES 


onvolatile memories are taking on a 


whole new look. As both erasable pro- Faster, denser EPROMs and HEPROMs 


grammable read-only memories and . . ° ‘ 
electrically erasable PROMs get faster @€ finding neW USES, displacing big ROMs 


and snes aerate eae cere. eh and fast PROMs, for example; big chunks 
ensity s and high-spee s in new ap- 

plications. In current applications, nonvolatile of them can also be added to ASICs 
memory will now take up significantly less board 7 
space. Higher densities also will make it easier 
to incorporate larger amounts of nonvolatile 
memory on other types of chips, opening the 
door to logic chips that integrate large arrays of 
EPROM and EEPROM. 

A new generation of higher-density commodity 
parts is under development, while lower-density 
parts are being pushed to significantly faster 
access times. Moreover, the need for designers 
to choose between speed and density may disap- 
pear, aS companies such as WaferScale Integra- 
tion Inc. in Fremont, Calif., (see p.65) develop 
parts that combine both features. 

Beyond making improvements to conventional 
parts, a drive is under way among chip makers 
to develop memories tailored to specific market 
segments—markets where speed is paramount, 
or power requirements are important, for in- 
stance. An example of the latter is a 64-Kbit 
EEPROM that needs only 38 V, reducing backup 
hattery requirements in lightweight portable 
equipment. The part was jointly developed by 
Catalyst Semiconductor Inc. of Santa Clara, 
Calif., and Oki Semiconductor Corp. of Tokyo 
(see p. 67). In addition, companies are looking to 
incorporate nonvolatile-memory technology into 
other non-memory chips, applying their expertise 
to a variety of logic circuits—including microcon- 
trollers, digital signal processors, programmable 
logic, and even application-specific integrated cir- 
cuits based on standard cells. 

One reason for all the activity in nonvolatile- 
memory product development is today’s healthy 
market. The current crop of EPROM and EEPROM 
products are chalking up very strong sales—so 
strong that cautious manufacturers are reluc- 
tant to believe the optimistic projections of fu- 
ture business, says Victor deDios, senior indus- 
try analyst at Dataquest Inc. of San Jose, Calif. 
Overall, he says, worldwide EPROM sales for 1987 
can be expected to hit $1 billion, up 8% from 
$910 million in 1986 and up 14% from the reces- 
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developed by Catalyst and Oki 
(see fig. 1). Pin-for-pin compatible 
with Intel’s 27210, it features 150- 
ns access times, an active power 
figure of only 150 mA, and a 
standby power of 500 pA. 

One indicator of things to come 
is a 4-Mbit EPROM under develop- 
ment at Toshiba. Built using a 0.8- 
um CMOS process, it incorporates a 
basic cell measuring only 9 pm’, 
matching that of many single-tran- 
sistor dynamic random-access mem- 
ory cells. The 8-bit-wide device fea- 
tures a high cell current of about 
10 pA, resulting in a low typical 
access time of 120 ns. 

Access times are also being re- 
duced in current lower-density 
EPROMs—from an average of 200 
to 350 ns down to 150 to 200 ns, 
says Alan Ankerbrand, director of 
MOS memory marketing at Nation- 
al Semiconductor. And within a 


1. FAST EPROM. A 64-K-by-16-bit EPROM developed jointly by Catalyst Semicon- year, he says, speeds will edge 


ductor and Oki Semiconductor boasts a 150-ns access time. 


sionary dip to $876 million in 1985. Next year, 
says deDios, with projected sales up 20% to $1.2 
billion, they will again equal the sales for 1984, 
the industry’s high point to date. Prospects are 
even brighter in EEPROMs. DeDios estimates that 
sales for 1987 will reach $231 million, up 617% 
from the $139 million in 1986. In 1988, he expects 
sales to grow by about 50% to $845 million. 

And while the markets are taking off, some- 
what surprisingly, Japanese makers of EPROM 
and EEPROM aren’t keeping pace with the explod- 
ing market growth. They will slip from a market 
share of 15% to 20% in 1986 to less than 5% this 
year. To be sure, most U.S. manufacturers re- 
gard the Japanese slippage as temporary. There- 
fore, they’re in a hurry to develop products that 
will put them in a strong position for both com- 
modity parts and in high-return specialty niches 
when competition heats up again as the Japa- 
nese charge back into the marketplace. 

For now, strong sales and the drop in Japa- 
nese competition is causing a period of price 
stability. And most EPROM manufacturers are us- 
ing the resulting higher profits to fund more 
development work on CMOS processes that will 
take them to higher densities, higher speeds, and 
lower power, says deDios. The market is moving 
away from 64-Kbit EPROMs and toward 256-kbit 
and 512-Kbit devices, says Dave Bostwick, direc- 
tor of strategic development for the memory 
group at Advanced Micro Devices Inc., Sunny- 
vale, Calif. Also entering the market in volume 
production are 1-Mbit EPROMs from AMD, Fujitsu, 
Hitachi, Intel, and Toshiba. One of the most re- 
cent arrivals on the 1-Mbit EPROM scene is the 
CAT27C210, a 64-K-by-16-bit CMOS device jointly 


downward even more, to about 

100 to 150 ns. Dataquest’s deDios 
agrees: “By this time next year anything under 
512 Kbits in density with access times of more 
than 150 ns will be out of the mainstream.” 

In traditional full-function EEPROMs based on 
the Fowler-Nordheim effect, says deDios, the 
majority of the marketplace is moving from 64 
Kbits to 256 Kbits. Most authorities agree cur- 
rent technology stops there, however: “Unless a 
radically new cell structure and architecture 
comes along, it will be difficult for EEPROMs to 
move beyond 256 Kbits,” says Ian Wilson, direc- 
tor of product marketing at SGS Semiconductor 
Corp. U.S., in Phoenix, Ariz. 

An alternative technology that many firms are 
looking at to break beyond 256 Kbits is “flash” 
architecture, so named because the contents of 
all the memory’s array cells are erased simulta- 
neously by a single field emission of electrons 
from the floating gate of an erase gate. Such an 
EEPROM combines the advantages of the ultravio- 
let-light-erasable PROM and floating-gate EE- 
PROMs. It unites the high density, small size, low 
cost, and hot-electron-write capability of an 
EPROM with the easy erasability, on-board repro- 
grammability, high endurance, and cold-electron- 
tunnelling erasure of floating-gate EEPROMs. 

So far, the only player in the flash EEPROM 
market is Seeq Technology Inc., San Jose, Calif, 
which introduced its first device, the 128-Kbit 
48128, in August 1986. It is now following up 
this initial n-MOS part with two higher-density 
1.5-~m CMOS parts, the 512-Kbit 48C512 and the 
1-Mbit 48C1024, both with 8-bit-wide organiza- 
tions. With a memory-cell size of only 20 pm?— 
about one quarter the size of current EEPROM 
cells—these parts achieve EPROM die sizes, says 
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Mike Villott, vice president of marketing at 
Seeq, and they provide EEPROM features previ- 
ously not available. Such features include on-chip 
address and data input latches to permit micro- 
processor-compatible write and erase cycles, as 
well as chip-erase and page-erase modes. | 

And whereas the 48128 required a 21-V power 
supply on multiple pins, the new flash EEPROMs 
require only a single 12-V external supply for 
programming and erasure. Moreover, he says, 
this programming voltage can be applied during 
read operations, which eliminates the need to 
switch it off when not erasing or programming. 
Byte write time is only 1 ms, and chip and byte 
erase times are no more than 5 s. Endurance— 
the number of times the device can be erased 
and written to—is 100 cycles minimum and can 
be screened to 1,000 cycles. 

Hoping to follow Seeq into the market with a 
high-density flash EEPROM is Exel Microelectron- 
ics of San Jose, Calif., which is in development 
on a 512-Kbit device it expects to introduce early 
next year. Also investigating the technology as a 
way to achieve higher EEPROM densities are 
AMD, Fujitsu, Hitachi, National Semiconductor, 
Texas Instruments, and Toshiba. 

Another recent convert appears to be Intel 
Corp., Santa Clara, Calif., although until recently 
it was enthusiastically exploring another ap- 
proach to high-density EEPROMs, the thick-oxide 
technique pioneered by Xicor Inc. of San Jose, 
Calif. Intel, however, has abandoned its efforts 
in this area, says Don Knowlton, general manag- 
er of Intel’s programmable-memory operations 
in Folsom, Calif., and is investigating other tech- 
niques for higher density, including the flash- 
EEPROM approach. 

That leaves Xicor going it alone with the thick- 
oxide technique. The company is now in produc- 
tion with a 256-Kbit n-MOS device, the X28256 
[Electronics, May 12, 1986, p.30] and is also 
developing a CMOS version, the X28C256, which it 
EXPEeCtS tO itLOUUCE later this year, and a 1-Mbit 
device tentatively scheduled for early next year. 

For many manufacturers, however, the bright 
prospects in the mainstream EPROM and EEPROM 
market are essentially an opportunity to carve 
out new niches. The past has taught them a 
painful lesson: the memories may be nonvolatile, 
but their market is not. They want to find areas 
where price pressure and competition are less 
intense. Among the possibilities they’re explor- 
ing are high-speed bipolar PROM replacements, 
parts tailored to specific applications such as 
smart cards, and other applications outside the 
traditional domain of EPROMs and EEPROMs. 

Two companies that have successfully estab- 
lished themselves in the bipolar PROM replace- 
ment market are Cypress Semiconductor Inc. of 
San Jose, Calif., and WaferScale Integration, 
with 16-Kbit and 64-Kbit CMOS EPROMs in the 35- 
to-50-ns range. Also looking to participate is 
Seeq, which has just introduced two byte-wide 
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2. REPROGRAMMABLE DSP. Genera! Instrument has put 2.5 
Kbytes of EEPROM on a digital signal processor chip. 
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Kbit 36C382 [Electronics, April 30, 1987, p. 66}. 
Others thinking hard about entering the market 
include AMD, Intel, and SGS. . 

Another niche is being explored by Intel, 
which is looking at what Knowlton calls “appli- 
cation-oriented” EPROMs—nonvolatile memory 
devices with extra logic that optimizes the de- 
vices for specific applications. One of the compa- 
ny’s first efforts in this direction was the 27916 
KEPROM, or keyed-access EPROM, which com- 
bines the memory array with a pseudo-random 
number generator and encryption circuitry that 
can determine if the person accessing its con- 
tents is authorized. Taking the concept even fur- 
ther, the company this month introduced the 
first in a new series of such applications-oriented 
EPROMSs, the 87C257 and 68C257—256-Kbit de- 
vices with on-chip latches that allow the memo- 
ry’s address and data pins to be tied directly to a 
microcontroller’s multiplexed address and data 





3. ERASIC. Exel’s 78C800 is the first in a family of what it calls 
electrically reprogrammable ASICs, made with EEPROM technology. 


pins. The two devices, intended for the 8051/8096 
and 6800 series of microcontrollers, respectively, 
eliminate the need for the external logic, such as 
latches and inverters, that is typically required 
in microcontroller-based systems, says Tom 
Price, EPROM marketing manager. 

Japanese firms seem to be carving out a niche 
for themselves in extremely high-density EE- 
PROMS and EPROMs of more than 1 Mbit, for use 
in smart cards and memory cards. Estimated to 
be a billion-dollar market by the early 1990s 
[Electronics, Dec. 18, 1986, p.55], smart cards 
will require high levels of built-in microcontroller 
intelligence, as well as memory that is both 
dense and nonvolatile. The only direct U.S. com- 
petitor to the Japanese in the EEPROM- and 
EPROM-based smart- and memory-card market is 
General Instrument Microelectronics, Chandler, 
Ariz. Besides planning to produce EPROMs and 
EEPROMs ranging from 256 Kbits to 1 Mbit over 
the next six months, the company has installed 
the equipment to make the smart cards them- 
selves, as well as card readers, power supplies, 
and connectors. Also making efforts in this di- 
rection are Texas Instruments Inc. and Motorola 
Inc., but only at the chip level. The fourth con- 
tender in this arena is the team of Catalyst 
Semiconductor Inc. and Oki Semiconductor, 
which aims to produce controllers and EEPROMS. 

Another strategy EPROM and EEPROM compa- 
nies are following is diversification. outside tradi- 
tional stand-alone products. They are applying 
their improved nonvolatile technology to micro- 
controllers, DSPs, field-programmable logic, and 
even standard-cell ASICs. 

Traditionally, small amounts of EPROM or EE- 
PROM—usually no more than 1,024 bits—have 
been incorporated into microcontrollers to give us- 
ers some reprogrammability. “With new advances 
in nonvolatile memory technology, much higher 
levels can be incorporated,” says B.K. Marya, 


president of Catalyst Semiconductor. In the 
new generation of devices from AMD, Cata- 
lyst, Intel, SGS, and Xicor, on-chip nonvolatile 
memory has risen to 32 Kbits or 64 Kbits. 

On-chip nonvolatile memory is also being 
used on DSPs. One such device is the 
DSP820EE12 from General Instrument, a 
pin-for-pin compatible version of TI’s 
TMS320C10 DSP chip, but with 2.5 Kbytes 
of EEPROM added (see fig. 2). In the very 
near future, says Marya, it should be possi- 
ble to incorporate up to 256 Kbits onto the 
microcontroller chip. 

In programmable logic devices, two non- 
volatile memory vendors—Intel and the 
Exel subsidiary of Exar Corp., San Jose, 
Calif—have already entered the market. A 
third, Seeq, has just entered into a technol- 
ogy exchange agreement with Monolithic 
Memories Inc., which dominates the field- 
programmable array-logic market with its 
bipolar devices. 

Just entering the market this month with a 
PLD product based on its EEPROM technology is 
Exel, with the first in a family of what it calls 
ERASICs, or electrically reprogrammable ASICs. 
Designated the 78C800 (see fig. 3), it is the first 
commercially available CMOS PLD offering a sin- 
gle-plane folded-NOR architecture, says Narayan 
Purohit, Exel product marketing manager. This 
approach makes it possible to implement multi- 
level logic designs and does away with the limi- 
tations of the traditional AND/OR-based designs 
now used. Intel’s first proprietary PLD is an 
EPROM-based programmable bus-interface con- 
troller designated the 5CBIC. A programmable 
three-port transceiver with embedded program- 
mable logic macrocells and cross-point signal 
routing, it allows designers to implement any of 
a number of different bus interfaces with a sin- 
gle circuit. A third company, WaferScale Inte- 
gration, is working with Altera Corp. of Santa 
Clara, Calif., a manufacturer of EPROM-based 
PLDs, on a new family of user-configurable mi- 
crosequencers based on its proprietary high- 
speed split-gate technology [Hlectronics, March 
19, 1987, p. 76]. 

On the standard-cell side, at least two nonvola- 
tileememory companies—WaferScale and Exel— 
are in the market with cell libraries that incorpo- 
rate EPROM and EEPROM cells, respectively. Simi- 
lar efforts are under way at Intel and National 
Semiconductor, among other companies. In the 
Exar effort, Exel’s EEPROM technology has been 
incorporated in standard cells ranging from a 
single bit to arrays of 1 Kbits. The same family 
of products also includes a wide range of analog 
megacells, including analog-to-digital and digital- 
to-analog converters and a variety of switched- 
capacitor filters. At WaferScale, engineers are 
upgrading an already existing EPROM-based cell 
library with cells that incorporate the company’s 
newest and fastest EPROM technology. O 
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ive volts is no longer 

the magic number 
when engineers talk porta- 
ble and battery-backed ap- 
| plications. Catalyst Semi- 
_conductor Inc. of Santa 
Clara, Calif., has just put 
the finishing touches on a 
64-Kbit EEPROM that reads 
and writes with a supply 
voltage as low as 3 V. And this diminutive appe- 
tite comes at no substantial cost in speed. With 
an access time of 120 ns, the memory keeps pace 
with many existing 5-V devices. When operated 
at 5 V, its reads take a mere 60 ns. Also in its 
favor is the fact that it draws an active current 
of only 7.5 mA at 8 MHz, about a fifth that of its 
rivals. 

Low voltage opens up a wide range of battery- 
backed applications, says B. K. Marya, Catalyst’s 
founder and president—among them, hand-held 
computers, smart cards, pagers, beepers, and 
many telecommunications devices, which require 
long-term battery backup as well as small size. 

The memory also will compete with nonvolatile 
static random-access memories that incorporate 
a 3-V lithium battery. “The advantage of battery- 
powered nonvolatile SRAMs is their ability to 
read and write data with access times of 120 ns 
or less,’ Marya points out. Moreover, “tradition- 
al high-density EEPROMs of 64 Kbits or more 
usually require at least a 5-V read and write 
voltage. And they are not only slow but also 
difficult to operate if reprogramming is neces- 
sary, requiring as they do at least four AA-type 
batteries or an expensive lithium power source.” 
Because it can be operated and programmed 
with a 8-V supply, the device requires only two 
1.5-V batteries in portable consumer settings and 
makes it possible to go with small lithium power 
SUULCeS Lu siuact cards. Eventually, Marya 
says, as the power-supply requirements of 
EEPROMS continue to decline, it may be 
possible to substitute solar cells for bat- 
teries in a wide variety of applications. 

The EEPROM is the fruit of international 
cooperation. The cell and circuit design 
were contributed by Catalyst, which also 
created and modified the architecture. Oki 
Semiconductor of Tokyo furnished the 
process, jointly modified by the two part- 
ners, and served as the silicon foundry. 

Critical to the success of the joint ven- 
ture was a variety of proprietary circuit 
wizardry. Broadening the supply-voltage 
range ensured successful reads and writes 
despite voltage fluctuations. Bootstrapping 
capacitors and a clever differential sense 
amplifier make certain that reads are ac- 





TECHNOLOGY TO WATCH 


CATALYST’S EEPROM 


NEEDS A MISERLY 3 VOLTS 





In addition, a dual-clocked, high-voltage 
switching circuit guarantees that switches are 
thrown reliably, even when the voltage fluctu- 
ates. And dynamic, rather than static, page 
latching keeps the memory writing even while 
supply voltage varies. 

Measuring 4.84 by 7.06 mm and housed in a 
28-pin plastic dual in-line package, the Catalyst 
MSM28C64A (see fig. 1) is fabricated with a 
slight modification of Oki’s 1.5-um n-well double- 
polysilicon CMOS floating-gate process. The mem- 
ory incorporates five types of transistors: p- 
channel and n-channel enhancement-mode MOS 
transistors for fabricating the 3-V circuits, and 
enhancement, depletion, and non-ion-implanted n- 
type transistors for fabricating the charge-pump- 
ing circuitry that converts the 3-V supply to 18 Vv 
on-chip; in addition to these transistors, there are 
the floating-gate devices themselves. 

The key to achieving low-voltage operation in 
portable applications is the ability to maintain 
stable reads and writes over long periods, de- 
spite the substantial variations in supply voltage 
associated with batteries. Relaxing the supply- 
voltage tolerances of the basic EEPROM cell 
makes that possible. With its dynamic page- 
mode latching scheme, the device is relatively 
insensitive to voltage changes and can operate 
even if the supply voltage varies 20% in either 
direction, Catalyst claims. By comparison, most 
competitive devices can operate only within vari- 
ations of +10 v. When operated at, for example, 
5 V, the Catalyst part’s supply voltage can vary 
from 4 to 6 V, whereas conventional EEPROMS 





complished quickly in the face of low volt- 
age and power-supply variations. 


1. LOW VOLTAGE. Catalyst’s MSM28C64A EEPROM has five types of transistors that 
form the charge-pump circuit needed to convert the 3-V supply to 18 V on-chip. 
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DISCHARGE 


there is sufficient voltage, 
on the order of 0.1 to 0.2 


SIGNAL 1 n-CHANNEL DEPLETION Vv, to trigger the sense 


TRANSISTOR 


DISCHARGE 
SIGNAL 2 


PREDECODER 


n-CHANNEL ENHANCEMENT 


TRANSISTOR 





amplifier.” In Catalyst’s 3- 
V design, however, the 
voltage change is only on 
HIGH- the order of 0.02 Vv. With 
ae the use of a differential 
sense amplifier rather 

than a single-ended one, 
this minute voltage differ- 
ential is magnified about 
100 times to a level suffi- 
cient to trigger operation. 
To achieve low-voltage 


2. BOOTSTRAP. A decoder circuit with bootstrapping capacitor beween the two celltransistors programming, Marya says, 
helps keep read operations fast despite lower voltages and wider supply tolerances. Catalyst and Oki engineers 


have a much narrower operating margin, from 
4.5 to 5.5 V. 

An additional benefit of the lower operating 
voltage is that power dissipation is 25% to 50% 
less than that of comparable devices. At 8 MHz, 
active power is 49.5 milliwatts and standby is 
only 22.5 mw. At 1 MHz, active and standby 
power are 15 mW and 7.5 mW, respectively. 

The low operating voltage was achieved with a 
variety of design improvements in both the read 
and write circuitry. Special bootstrap decoder cir- 
cuits and a differential sense amplifier made it 
possible to keep reads fast despite the lower 
voltages and wider supply tolerances. In the 
first instance, the key was adding bootstrapping 


Catalyst uses dynamic page-mode latching, 
opening the door to battery operation; the 
usual static latching needs a highly stable 
supply voltage that batteries can’t supply 





capacitors between the two transistors in the cell 
and between the decoder and the output to the 
word line (see fig. 2). “In present designs, when 
the supply voltage is too low, there is insuffi- 
cient voltage across the enhancement-mode read 
transistor to allow it to switch reliably,’ Marya 
says. “With the addition of the bootstrap capaci- 
tor, sufficient charge is accumulated to stabilize 
the voltage during the read operation.” 

To prevent latchup that might be caused by a 
large instantaneous discharge of current from 
the capacitor onto the word line, which could 
occur during a write, the circuit also incorpo- 
rates a predecoder to step down the discharge 
incrementally. The differential sense amplifier 
also boosts the EEPROM’s reliability during 
reads. “In other designs, when the threshold 
voltage of a memory cell is set to the low state 
during a read, a very small current flows into 
the bit line, on the order of about 70 to 100 pA,” 
says Marya. “Normally, in most 5-V designs 


made a number of im- 
provements to the high-voltage switches and to 
the page-mode latches. Usually, the high-voltage 
switches are controlled by a single clock, so there 
is only a relatively narrow range within which the 
switch can sense the clock edge reliably. In 5-V 
devices, this occurs as long as the voltage is be- 
tween 4.5 and 5.5 V. Below 4.5 V, such designs fail, 
switching erratically. Designers from the two com- 
panies solved this, he says, by going to a fail-safe 
switching scheme in which a dual clock is used, 
allowing the switches to operate reliably over the 
entire range from 3 to 7 V. 

In the other critical improvement to the pro- 
gramming circuitry, company engineers went 
with a dynamic page-mode latching scheme, 
rather than the static configuration generally 
used, which is highly dependent on supply volt- 
age for correct operation. “If the supply voltage 
varies outside a very narrow range of a few 
tenths of a volt, static latchng no longer 
works,’ Marya says. “With a dynamic scheme, 
the page-latch threshold levels vary dynamically 
up and down as the supply voltage varies.” 

As with most other high-density EEPROMs, the 
16-K-by-4-bit device also incorporates two redun- 
dant rows in the event of faulty array cells. This 
meant that it was necessary to modify the re- 
dundant cells to operate at lower voltages. Since — 
they are located farther out on the array, they 
are served by longer lines, which means more 
capacitance or sensing lower-voltage signals. 
Here, the basic changes involved modifications 
to the interpoly oxide to take into account the 
lower voltage by reducing the load capacitance. 
Taking advantage of the differential-sensing 
scheme employed in the array, a special reset 
circuit selects a redundant word line when a 
faulty bit occurs in one of the word lines. The 
proprietary circuit works even when the supply 
voltage is as low as 1 V and consumes practically 
no power, Marya claims. The same scheme is 
also employed to select or key in EEPROM-based 
circuit elements to trim the programming volt- 
age and the write cycle. —Bernard C. Cole 
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CATALYST 


DOMESTIC SALES OFFICES 


ALABAMA: 

MACRO-MARKETING ASSOCIATES, INC 
11513 S. MEMORIAL PARKWAY 
HUNTSVILLE, AL 35803 

TEL: (205) 883-9630 FAX: (205) 880-2947 


ARIZONA: 

TUSAR 

6016 E. LARKSPUR 

SCOTTSDALE, AZ 85254 

TEL: (602) 998-3688 FAX: (602) 998-3689 


CALIFORNIA, NORTHERN: 

EMERGING TECHNOLOGY SALES, INC. 
2030 FORTUNE DRIVE, #B 

SAN JOSE, CA 95131 

TEL: (408) 433-9366 FAX: (408) 434-6730 


CALIFORNIA, SOUTHERN: (San Diego & Im- 
perial Counties) 

C&K ASSOCIATES 

8333 CLAIRMONT MESA BLVD., #102 

SAN DIEGO, CA 92111 

TEL: (619) 279-0420 FAX: (619) 279-7650 


CALIFORNIA, SOUTHERN: (Los Angeles & 
Orange County) 

H-TECHNICAL SALES 

25201 PASEO DE ALICIA, #106 

LAGUNA HILLS, CA 92653 

TEL: (714) 583-1488 FAX: (714) 583-9284 


CANADA: 

Electronic Sales Professionals 

5200 DIXIE RD., #201 

MISSISSAUGA, ONTARIO 

CANADA L4W 1E4 

TEL: (416) 626-8221 FAX: (416) 238-3277 


COLORADO: 

MOSS MARKETING 

2231 FEDERAL BLVD. 

DENVER, CO 80211-4691 

TEL: (303) 455-7205 FAX: (303) 455-8258 


CONNECTICUT: 

ALPHA-OMEGA SALES CORP. 

10-G ROESSLER RD 

WOBURN, MA 01801 

TEL: (617) 933-0237 FAX: (617) 938-8416 


FLORIDA: 

SALES SPECIALISTS 
1999 JUANA RD. 

BOCA RATON, FL 33432 
TEL: (305) 391-3718 


GEORGIA: 

MACRO-MARKETING ASSOCIATES, INC. 
3040 HOLCOMB BRIDGE RD., #J2 
NORCROSS, GA 30071 

TEL: (404) 662-5580 


IDAHO, SOUTHERN: 

MOSS MARKETING 

669 SOUTH 2ND EAST 
SALT LAKE CITY, UT 84111 
TEL: (801) 363-5875 


ILLINOIS, NORTHERN: 

LTD TECHNOLOGIES, INC. 

810 ARLINGTON HEIGHTS RD 

ITASCA, IL 60143 

TEL: (312) 773-2900 FAX: (312) 773-0358 


ILLINOIS, SOUTHERN: 

ELECTRI-REP 

2258 SCHUTEZ RD., #108 

ST. LOUIS, MO 63146 

TEL: (314) 993-4421 FAX: (314) 993-6340 


INDIANA: 

SAI MARKETING 

5650 CAITO DR., #103 

INDIANAPOLIS, IN 46226 

TEL: (317) 545-1010 FAX: (317) 545-1310 


IOWA: 

TECHNICAL ELECTRONICS, INC. 

PO BOX 671 

CEDAR RAPIDS, IA 52406 

TEL: (319) 366-5443 FAX: (319) 365-6943 


KANSAS: 

ELECTRI-REP 

7050 W. 107TH ST., #210 

OVERLAND PARK, KS 66212 

TEL: (913) 649-2168 FAX: (913) 649-4537 


KENTUCKY: 

SAI MARKETING 

270 REGENCY RIDGE, #202 

DAYTON, OH 45459 

TEL: (513) 435-3181 FAX: (513) 434-3760 


LOUISIANA: 

LOGIC 1 SALES 

200 E. SPRINGVALLEY, STE. A 
RICHARDSON, TX 75081 

TEL: (214) 234-0765 FAX: (214) 669-3042 


MAINE: 

ALPHA-OMEGA SALES CORP. 

10-G ROESSLER RD 

WOBURN, MA 01801 

TEL: (617) 933-0237 FAX: (617) 938-8416 


MARYLAND: 

THIRD WAVE SOLUTIONS 

7310 RITCHIE HIGHWAY, #412 

GLEN BURNIE, MD 21061 

TEL: (301) 787-0220 FAX: (301) 787-1572 


MASSACHUSETTS: 

ALPHA-OMEGA SALES CORP. 

10-G ROESSLER RD 

WOBURN, MA 01801 

TEL: (617) 933-0237 FAX: (617) 938-8416 


MICHIGAN: 
SAI MARKETING 
101 N. ALLOY DR. 
FENTON, MI 48430 
TEL: (313) 750-1922 


MINNESOTA: 

MICROELECTRONIC SALES 

6440 FLYING CLOUD DR. 
MINNEAPOLIS, MN 55344-3310 

TEL: (612) 829-0948 FAX: (612) 829-0991 


MISSISSIPPI: 

MACRO-MARKETING ASSOCIATES, INC. 
11513 S. MEMORIAL PARKWAY 
HUNTSVILLE, AL 35803 

TEL: (205) 883-9630 FAX: (205) 880-2947 


MISSOURI: 

ELECTRI-REP 

2258 SCHUTEZ RD., #108 

ST. LOUIS, MO 63146 

TEL: (314) 993-4421 FAX: (314) 993-6340 


MONTANA, EASTERN: 

MOSS MARKETING 

2231 FEDERAL BLVD. 

DENVER, CO 80211-4691 

TEL: (303) 455-7205 FAX: (303) 455-8258 


NEBRASKA: 

ELECTRI-REP 

7050 W. 107TH ST., #210 

OVERLAND PARK, KS 66212 

TEL: (913) 649-2168 FAX: (913) 649-4537 


NEVADA: 

EMERGING TECHNOLOGY SALES, INC. 
2030 FORTUNE DR., #8 

SAN JOSE, CA 95131 

TEL: (408) 433-9366 FAX: (408) 434-6730 


NEVADA, CLARK COUNTY: 

TUSAR 

6016 E. LARKSPUR 

SCOTTSDALE, AZ 85254 

TEL: (602) 998-3688 FAX: (602) 998-3689 
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NEW HAMPSHIRE: 

ALPHA-OMEGA SALES CORP. 

10-G ROESSLER RD 

WOBURN, MA 01801 

TEL: (617) 933-0237 FAX: (617) 938-8416 


NEW MEXICO: 

MOSS MARKETING 

9004 MENAUL N.E. 
ALBUQUERQUE, NM 87112-2240 
TEL: (505) 292-7505 


NEW YORK, NORTH OF ROCKLAND: 
MICRO-TECH MARKETING 

1350 BUFFALO RD 

ROCHESTER, NY 14624 

TEL: (716) 328-1420 FAX: (716) 328-3003 


NEW YORK, SOUTH OF ROCKLAND: 
AURORA MARKETING 

2606 JERUSALEM AVE. 

N. BELLMORE, NY 11710 

TEL: (516) 221-0764 


NORTH CAROLINA: 
MICROSALES INC. 
4713 STILLER ST. 
RALEIGH, NC 27609 
TEL: (919) 881-0007 


NORTH DAKOTA: 

MICROELECTRONIC SALES 

6440 FLYING CLOUD DR. 
MINNEAPOLIS, MN 55344-3310 

TEL: (612) 829-0948 FAX: (612) 829-0991 


OHIO: 

SAI MARKETING 

270 REGENCY RIDGE, #202 
CENTERVILLE, OH 45459 

TEL: (513) 435-3181 FAX: (513) 435-3760 


SAI MARKETING 


1631 NW PROFESSIONAL BLDG. SUITE 104 


COLUMBUS, OH 43220 
TEL: (614) 451-0778 


OKLAHOMA: 

LOGIC 1 SALES 

6953 S. 66TH EAST AVE. 
TULSA, OK 74133 

TEL: (918) 494-0765 


OREGON: 

MICRO SALES, INC. 

1865 NW 169 PLACE, #210 
BEAVERTON, OR 97007 

TEL: (503) 645-2841 FAX: (503) 645-3754 


PENNSYLVANIA: (West PA only) 

SAI MARKETING 

3645 WARRENSVILLE CENTER RAD, #122 
SHAKER HEIGHTS, OH 44122 

TEL: (216) 751-3633 FAX: (216) 751-4510 


PENNSYLVANIA: 

S.J. ASSOCIATES 

ROUTE 73 & FELLOWSHIP RD 

PLAZA OFFICE CENTER, #204 

MT. LAUREL, NJ 08054 

TEL: (609) 866-1234 FAX: (609) 866-8627 


RHODE ISLAND: 

ALPHA-OMEGA SALES CORP. 

10-G ROESSLER RD 

WOBURN, MA 01801 

TEL: (617) 933-0237 FAX: (617) 938-8416 


SOUTH CAROLINA: 
MICROSALES INC. 
4713 STILLER ST. 
RALEIGH, NC 27609 
TEL: (919) 881-0007 


SOUTH DAKOTA: 

MICROELECTRONIC SALES 

6440 FLYING CLOUD DR. 
MINNEAPOLIS, MN 55344-3310 

TEL: (612) 829-0948 FAX: (612) 829-0991 
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TENNESSEE: 


MACRO-MARKETING ASSOCIATES, INC. 


11513 S. MEMORIAL PARKWAY 
HUNTSVILLE, AL 35803 
TEL: (205) 883-9630 FAX: (205) 880-2947 


TEXAS: 

LOGIC 1 SALES 

200 E. SPRINGVALLEY, STE. A 
RICHARDSON, TX 75081 

TEL: (214) 234-0765 FAX: (214) 669-3042 


LOGIC 1 SALES 

815 E. 53 1/3 ST. 

AUSTIN, TX 78751 

TEL: (512) 459-1297 FAX: (512) 459-1712 


UTAH: 

MOSS MARKETING 

669 SOUTH 2ND EAST 
SALT LAKE CITY, UT 84111 
TEL: (801) 363-5875 


VERMONT: 

ALPHA-OMEGA SALES CORP. 

10-G ROESSLER RD 

WOBURN, MA 01801 

TEL: (617) 933-0237 FAX: (617) 938-8416 


VIRGINIA: 

THIRD WAVE SOLUTIONS 

7310 RITCHIE HIGHWAY, #412 

GLEN BURNIE, MD 21061 

TEL: (301) 787-0220 FAX: (301) 787-1572 


WASHINGTON: 
MICRO SALES, INC. 
2212 112TH AVE., NE 
BELLEVUE, WA 98004 
TEL: (206) 451-0568 


WASHINGTON, D.C.: 

THIRD WAVE SOLUTIONS 

7310 RITCHIE HIGHWAY, #412 

GLEN BURNIE, MD 21061 

TEL: (301) 787-0220 FAX: (301) 787-1572 
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WISCONSIN, WESTERN: 
MICROELECTRONIC SALES 

6440 FLYING CLOUD DR. 
MINNEAPOLIS, MN 55344-3310 - 

TEL: (612) 829-0948 FAX: (612) 829-0991 


WISCONSIN, EASTERN: 
LTD TECHNOLOGIES, INC. 
10855 W. POTTER RD. 
MILWAUKEE, WI 53226 
TEL:(414) 774-1000 


WYOMING: 

MOSS MARKETING 

2231 FEDERAL BLVD. 

DENVER, CO 80211-4691 

TEL:(303) 455-7205 FAX: (303) 455-8258 





DISTRIBUTORS 


DOMESTIC DISTRIBUTORS 


CENTON ELECTRONICS, INC 


CALIFORNIA, IRVINE: 

20 MORGAN 

IRVINE, CA 92718 

TEL: (714) 855-9111 FAX: (714) 855-0579 


CALIFORNIA, SAN DIEGO: 
16835 W. BERNARDO DRIVE 
SAN DIEGO, CA 92127 

TEL: (619) 451-3501 


CALIFORNIA, SAN JOSE: 
1737 NORTH FIRST ST., #300 
SAN JOSE, CA 95112 

TEL: (408) 993-9770 


NEW YORK, CENTRAL ISLIP: 

1727 VETERANS MEMORIAL HWY., #302 
CENTRAL ISLIP, NY 11722 

TEL: (516) 582-5665 


WASHINGTON, REDMOND: 
4038 148TH AVENUE, ME. 
REDMOND, WA 98052 
TEL: (206) 881-8194 

FAX: (206) 881-5232 


FUTURE 


ARIZONA, PHOENIX: 

3617 NORTH 35TH AVE. 

PHOENIX, AZ 85017 

TEL; (602) 272-7951 FAX: (602) 233-1753 
TWX:910-951-0183 


CALIFORNIA, CHATSWORTH: 

21730 NORDHOFF ST. 

CHATSWORTH, CA 91311 

TEL: (818) 700-0914 FAX: (818) 700-0826 
TWX: 510-100-0642 


CALIFORNIA, IRVINE: 

1692 BROWNING AVE. 

IRVINE, CA 92714 

TEL: (714) 250-4141 FAX: (714) 250-4185 
TWX: 824018 


CALIFORNIA, SAN DIEGO: 

3940 RUFFIN RD. 

SAN DIEGO, CA 92123 

TEL: (619) 278-5020 FAX: (619) 576-8564 
TWX: 910-322-1069 
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CALIFORNIA, SAN JOSE: 

575 RIVER OAKS PKWY. 

SAN JOSE, CA 95134 

TEL: (408) 434-1122 FAX: (408) 433-0822 


COLORADO, WESTMINSTER: 

9046 MARSHALL CT. 

WESTMINSTER, CO 80030 

TEL: (303) 650-0123 FAX: (303) 650-0937 
TWX: 881093 


CONNECTICUT, BETHEL: 

24 STONY HILL RD. 

BETHEL, CT 06801 

TEL: (203) 743-9594 FAX: (203) 789-9745 
TWX: 880965 


FLORIDA, ALTAMONTE SPRINGS: 

380 SOUTH LAKE BLVD. 

ALTAMONTE SPRINGS, FL 32701 

TEL: (305) 767-8414 FAX: (305) 834-9318 
TWX: 797184 


FLORIDA, CLEARWATER: 

4900 N. CREEKSIDE DR. 
CLEARWATER. FL 34620 

TEL: (813) 578-2770 FAX: (813) 576-7600 
TWX: 880964 


GEORGIA, NORCROSS: 

3000 NORTHWOODS PKWY., #295 
NORCROSS, GA 30071 

TEL: (404) 441-7676 FAX: (404) 441-7580 


ILLINOIS, CHICAGO: 
1000 E. STATE PKWY., #B 
SCHAUMBURG, IL 60195 


TEL: (312) 882-1255 FAX: (312) 490-9290 TWX: 
894098 


MARYLAND, COLUMBIA: 

OAKLAND CENTER 8980, SUITE N Rt. 1 
COLUMBIA, MD 21045 

TEL: (301) 995-1222 FAX: (301) 730-0509 
TWX: 880961 


MASSACHUSETTS, BOSTON: 

133 FLANDERS RD. 

WESTBOROUGH, MA 01581 

TEL: (617) 366-2400 FAX: (617) 366-1195 
TWX: 755917 


MICHIGAN, LIVONIA: 

35200 SCHOOLCRAFT RD. 
SUITE 106, LIVONIA, MI 48150 
TEL: (313) 261-5270 


MINNESOTA, EDEN PRAIRIE: 

10025 VALLEY VIEW RD., #196 

EDEN PRAIRIE, MN 55344 

TEL: (612) 944-2200 FAX: (612) 944-2520 


NEW JERSEY, FAIRFIELD: 

122 FAIRFIELD RD. 

FAIRFIELD, NJ 07006 

TEL: (201) 227-4346 FAX: (201) 227-5305 


NEW YORK, LIVERPOOL: 

7453 MORGAN RD. 

LIVERPOOL, NY 13088 

TEL: (315) 451-2371 FAX: (315) 451-7258 
TWX: 880963 


NEW YORK, ROCHESTER: 

333 METRO PARK, 1ST FLOOR 
ROCHESTER, NY 14623 

TEL: (716) 272-1120 FAX: (716) 272-7182 
TWX: 797904 


OREGON, PORTLAND: 

CORNELL OAKS CORPORATE CENTER 
15236 NW GREENBRIER PKWY 

PHASE 111 BLDG.A 

BEAVERTON, OR 97006 

TEL: (503) 645-9454 FAX: (503) 645-1559 


PENNSYLVANIA, PHILADEPHIA: 

520 FELLOWSHIP RD., #A101 

MT. LAUREL, NJ 08054 

TEL: (609) 778-7600 FAX: (609) 778-4621 
TWX: 880967 


TEXAS, RICHARDSON: 

1900 FIRMAN DR., #150 

RICHARDSON, TX 75081 

TEL: (214) 437-2437 FAX: (213) 669-2347 


UTAH, SALT LAKE CITY: 

2250 W. REDWOOD RD. 

SALT LAKE CITY, UT 84119 

TEL: (801) 972-8489 FAX: (801) 972-3602 
TWX: 880962 


WASHINGTON, REDMOND: 

4038 148TH AVE., NE 

REDMOND, WA 98052 

TEL: (206) 881-8199 FAX: (206) 881-5232 
TWX: 880966 


CATALYST 


DISTRIBUTORS (cont) 


MILGRAY ELECTRONICS 


CONNECTICUT, MILFORD: 
MILFORD PLAINS OFFICE PARK 
326 WEST MAIN STREET 
MILFORD, CT 06460 

TEL: (203) 878-5538 

FAX: (203) 878-6970 


FLORIDA, WINTER PARK: 
1350 LEE ROAD 

SUITE 104 

WINTER PARK, FL 32789 
(305) 647-574 7/(800) 432-0645 
FAX: (305) 629-0757 


GEORGIA, ATLANTA: 

17 DUNWOODY PARK 

SUITE 102 

ATLANTA, GA 30338 

TEL: (404) 393-966/(800) 241-5523 
FAX: (404) 399-0742 


ILLINOIS, CHICAGO: 
765 ROUTE 83 

SUITE 123 
BENSENVILLE, IL 60106 
(312) 350-0490 
FAX:(312) 350-0587 


KANSAS, KANSAS CITY: 
6400 GLENWOOD 

SUITE 313 

OVERLAND PARK, KS 66202 
(913) 236-8800 

FAX: (913) 384-6825 


MARYLAND, COLUMBIA: 
(WASHINGTON) 

9801 BROKEN LAND PARKWAY 
SUITE 103 

COLUMBIA, MD 21046 

(301) 621-8169/(800) 638-6656 
(301) 995-6169 - BALTIMORE 
FAX: (301) 381-3066 


MASSACHUSETTS, WILMINGTON: 
(NEW ENGLAND) 

BALLARDVALE PARK 

187 BALLARDVALE STREET 
WILIMINGTON, MA 01887 

(617) 657-5900 

FAX: (617) 658-7989 


NEW JERSEY, (DELAWARE VALLEY) : 
3001 GREENTREE EXECUTIVE CAMPUS 
SUITE C 

MARLTON, NJ 08053 

(609) 983-5010/(800) 257-7111 

FAX: (609) 985-1607 


CANADIAN DISTRIBUTORS 


FUTURE ELECTRONICS, INC. 


CALGARY: 

3220 5TH AVE., NE 

CALGARY, ALBERTA T2A 5N1 

TEL: (403) 235-5325 TWX: 610-821-1927 


EDMONTON: 

5312 CALGARY TRAIL S. 
EDMONTON, ALBERTA T6H 4J8 
TEL: (403) 438-2858 TWX: 037-42883 


MONTREAL: 

237 HYMUS BLVD. 

POINTE CLAIRE, QUEBEC HOR 5C7 
TEL: (514) 694-7710 FAX: (514) 695-3707 
TWX:05-823554 





NEW YORK, FARMINGDALE: 
77 SCHMITT BOULEVARD 
FARMINGDALE, NY 11735 
(516) 391-3000/(800) MILGRAY 
FAX: (516) 752-9870 


NEW YORK, ROCHESTER: 
TOWERS AIRPORT BUSINESS PARK 
1200 A SCOTTSVILLE ROAD 
ROCHESTER, NY 14624 

(716) 235-0830 

FAX: (716) 436-3647 


OHIO, CLEVELAND: 

6155 ROCKSIDE ROAD 
CLEVELAND, OH 44131 

(216) 447-1520/(800) 321-0006 
(800) 362-2808 

FAX: (216) 447-1761 


TEXAS, DALLAS: 

17060 DALLAS PARKWAY 
SUITE 105 

DALLAS, TX 75248 

(214) 248-1603/(800) 441-9078 
FAX: (214) 248-0128 


UTAH, SALT LAKE CITY: 

4190 SOUTH HIGHLAND DRIVE 
SUITE 102 

SALT LAKE CITY, UT 94124 
(801) 272-4999 

FAX: (801) 272-7005 


NU_HORIZONS 


MASSACHUSETTS, DANVERS: 
151 ANDOVER ST. 

DANVERS, MA 01930 

TEL: (617) 777-8800 


NEW JERSEY, PINEBROOK: 
39 ROUTE 46 

PINEBROOK, NJ 07058 
TEL: (201) 882-8300 


NEW YORK, AMITYVILLE: 
6000 NEW HORIZONS BLVD. 
AMITYVILLE, NY 11701 

TEL: (516) 226-6000 

FAX: (516) 226-6262 


NEW YORK, EAST ROCHESTER: 
100 BLUFF DRIVE 

EAST ROCHESTER, NY 14445 
TEL: (716) 242-5980 


OTTAWA: 

BAXTER CENTER 1050 BAXTER RD. 
OTTAWA, ONTARIO K2C 3P2 

TEL: (613) 820-8313 FAX: (613) 820-3271 


QUEBEC CITY: 

1990 BOUL. CHAREST O., #190 

ST. FOY, QUEBEC G1N 4K8 

TEL: (418) 682-5775 FAX: (418) 682-8092 


TORONTO: 

82 ST. REGIS CR. NORTH 
DOWNSVIEW, ONTARIO M3J 123 

TEL: (416) 638-4771 FAX: (416) 638-2936 


SALES OFFICES 


QPS ELECTRONICS, INC. 


SCHAUMBURG: 

101 E. COMMERCE DR. 

SCHAUMBURG, IL 60173 

TEL: (312) 884-6620 FAX: (312) 884-7573 


CYPRESS ELECTRONICS 


ARIZONA, PHOENIX: 
5685 N. SCOTTSDALE 
SUITE 100 
SCOTTSDALE, AZ 85253 
TEL: (602) 966-2256 


CALIFORNIA, NORTHERN: 

2175 MARTIN AVENUE 

SANTA CLARA, CA 95050 

TEL: (408) 980-2500, (916) 929-5126 


CALIFORNIA, SAN DIEGO: 
10054 MESA RIDGE COURT 
SAN DIEGO, CA 92121 

TEL: (619) 535-0011 


CALIFORNIA, SOUTHERN 

6230 DESCANSO AVENUE 
BUENA PARK, CA 90620 

TEL: (213) 744-0355, (714) 521-5230 


COLORADO, WHEAT RIDGE: 
12441 W. 49TH AVENUE 
WHEAT RIDGE, CO 80033 
TEL: (303) 431-2622 


OREGON, BEAVERTON: 
15075 SW KOLL PARKWAY, D 
BEAVERTON, OR 97006 

(503) 641-2233 


TEXAS, DALLAS: 

2156 W. NORTHWEST HWY. 
DALLAS TX 75220 

TEL: (214) 869-1435 


WASHINGTON, BOTHELL: 
22125 17TH AVENUE, SE., #114 
BOTHELL, WA 98021 

TEL: (206) 483-1144 


DIAMOND ELECTRONICS 


NEW HAMPSHIRE, HUDSON: 
66F RIVER RD. 

HUDSON, NH 03051 

TEL: (603) 883-1515 

FAX: (603) 883-4508 


VANCOUVER: 
1695 BOUNDARY RD. 
VANCOUVER, B.C. V5K 4X7 


TEL: (604) 294-1166 FAX: (604) 294-1206 


TWX: 04-354744 


WINNIPEG: 
106 KING EDWARD 
WINNIPEG, MANITOBA R3H ON8 


TEL: (204) 339-0554 FAX: (204) 786-7711 





INTERNATIONAL SALES OFFICES 


EUROPE 


EUROPEAN OFFICE 

CATALYST SEMICONDUCTOR U.K. 
1 PECKOVER COURT 

GREAT HOLM, 


MILTON KEYNES, 

BUCKS MK89AH 

ENGLAND 

TEL: (0908) 561229 INTL: 44 908 561229 
FAX: (0908) 561233 


AUSTRIA: 

BECOS GMBH. 
TICHTELGASSE 10 
1120 VIENNA, AUSTRIA 
TEL: (0222) 834101 

FAX: (0222) 872007 


BELGIUM: 

BETEA SA/NV 

CHAUSSEE DE LOUVAIN 775 
LEUVENSESTEENWEG 
B-1140 

BRUSSELS, BELGIUM 

TEL: (02) 7368050 

FAX: (02) 7364954 


DENMARK: 

DELCO A/S 
HEJREVAHG 13 
DK-3450 ALLEROED 
DENMARK 

TEL: (02) 277733 
FAX: (02) 277770 


FINLAND: 
YLEISELEKTRONIIKKA QY 
LUOMANNOTOKO 6 
SF-02200 

ESPOO 

FINLAND 

TEL: (90) 452 1255 

FAX: (90) 428 932 


FRANCE: 

NEWTEK 

8 RUE DE L'ESTEREL 
SILIC 583 

94663 RUNGIS CEDEX 
FRANCE 

TEL: (1) 4687 2200 

FAX: (1) 4687 8049 


GERMANY: 

TEKELEC AIRTRONIC 
KAPUZINER STRASSE 9 
8000 MUNICH 2 

WEST GERMANY 

TEL: (089) 51640 

FAX: (089) 516410 


ITALY: 

SILVERSTAR 

2014 MILANO 

VIA DEL GRACCHI 20 
ITALY 

TEL: (02) 4996 

FAX: (02) 435594 
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NETHERLANDS: 
TEKELEC AIRTRONIC 
INDUSTREWEG 8A 
2712 LB ZOETERMEER 
NETHERLANDS 

TEL: (079) 310100 

FAX: (079) 417504 


NORWAY: 

HENACO A.S. 
TRONDHEIMSVEIEN 436 
PO BOX 126 
KALDBAKKEN 

N 0902 OSLOQ 
NORWAY 

TEL: (02) 162110 

FAX: (02) 257780 


SPAIN: 

ANATRONIC S.A. 

AVENIDA DE VALLDOLID 27 
28002 MADRID 

SPAIN 

TEL: (91) 242-4455 

FAX: (91) 248-6975 


SWEDEN: 
SATTCO A.B. 
DALVAGEN 10 
S-171 36 SOLNA 
STOCKHOLM 
SWEDEN 

TEL: (08) 734-0040 
FAX: (08) 734-9155 


SWITZERLAND: 
DIMOS A.G. 
BADENERSTR. 701 
8048 ZURICH 
SWITZERLAND 
TEL: (01) 626140 
FAX: (01) 626044 


UNITED KINGDOM: 
MIGROLOG LTD. 

THE CORNERSTONE 
THE BROADWAY, 
WOKING 

SURREY GU21 5EZ 
ENGLAND 

TEL: (04862) 29551 
FAX: (04862) 73909 


MICROPROCESSOR & MEMORY 
DISTRIBUTION LTD 

8 SOUTHVIEW PARK 
CAVERSHAM 

READING 

BERKS RG4 0AF 

ENGLAND 

TEL: (0734) 481666 

FAX: (0734) 481618 


JAPAN 


JAPAN: 

MARUBUN CORPORATION 

8-1, NIHOMBASH| ODEMMACHO 
CHUO-KU, TOKYO 103 

JAPAN 

TEL: (03) 639-9805 

FAX: (03) 661-7433 
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LTD. 


CATALYST SEMICONDUCTOR 


1 Peckover Court 
Great Holm 


408-980-8209 


0908 561229 


© 1988 CATALYST SEMICONDUCTOR, INC. 5/88 


CATALYST SEMICONDUCTOR, INC. Headquarters 


2231 Calle de Luna 


Intl: 44 908 561229 
Fax: 0908 561233 


Santa Clara, CA. 95054 


Tel 


TLX: 5106017631 


FAX 
Bucks MK8 9HA 


England 


Tel 


Milton Keynes 
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